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ABSTRACT

THE EFFECTS OF PLANTING DATES AND POTASSIUM, NITROGEN

AMENDMENTS ON GROWTH, DEVELOPMENT, AND

YIELD OF DRY BEAN

(PHASEOLUS VULGARIS L.) GENOTYPES
 

By

Tara P. Nepal

An experiment was conducted to investigate the effects of planting

dates and potassium and nitrogen amendments on the development and yield

of dry bean genotypes. Twelve dry bean genotypes were planted at almost

weekly intervals commencing the l9 May l978. Potassium and nitrogen

supplements were made at planting, and at bloom stage of crop development.

Significant effects of planting dates were observed for all of the

parameters investigated in this study. Also, significant genotypic

differences were evident. With the exception of percent plant stand,

pods per plant and seeds per pod, significant planting date x genotype

interactions were observed. Certain genotypes had significantly higher

plant height at physiological maturity, pods per plant and seeds per pod

with additional fertilizer application than with normal rate. No signi-

ficant planting date x fertility levels interactions were observed. Except

for seedling emergence at 7 days after planting, no significant planting

date x fertility levels x genotype interactions were apparent.

Excluding seedling emergence and percent plant stand, the 15 June

planting resulted in the poorest growth and yield contributing parameters.

Most genotypes included in this study exhibited superior vegetative

growth, relatively longer developmental period, higher seed yields and



yield components at the two earliest plantings than at the two latest

plantings. This is attributed to increasing intensity of environmental

stresses with the progress of the growing season, which was experienced

by the plants sown on the two later plantings during the critical stages

of their vegetative and reproductive development. Advancing dry bean

planting to the second half of May may result in substantial gains in

seed yields.
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INTRODUCTION

Dry beans rank second among all cash crops grown in Michigan and

production generates about $120 million in annual revenues. Between

8-10 thousand farmers are involved in growing Michigan's dry beans

on about 210,000 hectares. Michigan accounts for 33% of the colored

beans, 95% of the white navy class of beans and 34% of the total dry

edible beans produced in the United States. Average dry bean yields

throughout the United States have remained static while Michigan yields

have shown a downward trend during the past twenty years. (U.S. Depart-

ment of Agriculture, 1977. Agricultural Statistics Government Printing

Office, Washington, D.C.). In addition to declining yields, Michigan's

share of the national dry bean production is also declining. Such long-

term trends are cause for concern among growers, shippers and researchers.

Growth, development and productivity of crop plants result from a

complex of interactions between genotypes, environments and management

practices. Realization of the yield potential of a crop requires the

optimization of environmental conditions and management practices which

are in harmony with the needs of a particular crop at specific periods

of growth and development. Recently large scale successes in obtaining

maximum yields of several crop species has resulted from an integrated

approach towards development of genotypes which are better suited to

existing environmental conditions in a particular locality; and which are

more responsive to rapidly improving technologies.



Investigations designed to study the response of genotypes to

different environmental variables either under controlled or field con-

ditions enable one to define the optimum environmental parameters re-

quired by a plant at its different stages of growth and development.

Attempts to optimize environmental conditions for field grown plants by

adjusting the planting date is one way of enhancing crop productivity.

In addition planting date studies conducted in conjunction with various

levels of management inputs could lead to more precise timing and

amount of costly fertilizer inputs.

Attempts have been made to obtain increased dry bean yields in

Michigan through better management practices involving the use of more

precise management inputs. (Robertson and Frazier, 1978). Despite these

efforts, no substantial increase in bean yields has been obtained under

current production practices. In addition to yield reductions caused

by diseases, insects and stresses of edaphic and climate origin. Michi-

gan's short growing season can furtherlimit commerical production. Plan-

ting too early reduces seedling emergence, retards seedling growth and

development and predisposes plants to attack by soil borne pathogens.

Hence, bean growers generally plant the first week in June when the soil

is sufficiently warm to permit satisfactory emergence and seedling growth.

Dry bean yields are positively correlated with amount of increase

in photosynthetic rate from flowering to pod set (Peet et al., 1977).

Lucas, Milbourn and Whiteford (1976) have demonstrated the importance of

photosynthesis during the pod filling stage. The fact that a major con-

tribution to bean yields seems to be from photosynthesis and translocation

from the leaves (Appadurai & Rajakaruna,l976) underlines the need for



adjusting planting dates so that optimum leaf area development is in

phase with maximum solar radiation, thereby insuring higher photo-

synthetic efficiency for a larger duration during the pod filling stage.

Despite the obvious advantages accruing from more favorable environ-

mental conditions during the postflowering period of an early planted

crop, it is likely to suffer from poor plant stand due to adverse soil

temperature and moisture conditions in initial stage of crop growth and

development. Delayed planting in an attempt to avoid plant losses from

adverse soil conditions can result in exposure of plants to less favo-

rably environmental conditions during the postflowering period which in

turn can lead to yield reductions. Besides the losses associated with

a restricted growing season a late planted bean crop in Michigan is

likely to suffer considerable loss from the cold, wet weather conditions

that frequently prevail at the time of harvesting.

Additionally, low yield in grain legumes has been attributed to

decline in photosynthetic activity of leaves due to translocation of

Nitrogen from vegetative tissues to the developing seeds due to declined

nodule activity during the pod filling stage. (Sinclair & DeWit, 1975;

1976; Sinha, 1973; 1974). Rivero and Giraldo (1976) have reported

declining nodule activity in Phaseolus vulgaris L. at the onset of pod
 

filling stage. Though response to potassium fertilization by Phaseolus

vulgaris L. is dependent on past soil treatment and level of soil potas-

sium and a negative response is frequently reported (Eira, 1974; Asif &

Grieg, 1972), additional potassium was sidedressed at planting time in

view of the dependence on potassium in order to obtain profitable response

from higher rates of nitrogen application. (Munson, 1970). Works on

soybean by Odurukwe (1973) and Chevalier (1978) reveal the favorable



effect of potassium on seed yield while that of Chesney (1973) emphasizes

the need for higher levels of potassium with increasing levels of

nitrogen application.

No conclusive experimental evidence is available regarding the

optimum date to plant dry beans in Michigan. Moreover, little informa-

tion exists as to the performance of dry bean cultivars planted at

different dates under Michigan environmental conditions. This investi-

gation was conducted to evaluate the effects of varying the sowing date

from mid-May to mid-June on the growth, development and yield of several

classes of dry beans. Specific objectives were to:

1. Investigate the effects of planting dates and potassium amend-

ments on seedling emergence and plant density of 12 dry bean

genotypes representing different commercial classes.

2. Investigate the effects of planting dates and potassium and

nitrogen amendments on growth and development of 12 dry bean

genotypes representing different commercial classes.

3. Investigate the effects of planting dates and potassium and

nitrogen amendments on yield and yield components of 12 dry bean

genotypes representing different commercial classes.

4. Compare the performance of colored and white seeded genotypes

in each planting date and at each fertility level.

5. Compare the performance of colored and white seeded isolines

at each planting date and fertility levels.



LITERATURE REVIEW

SECTION 1

EFFECTS OF PLANTING DATES ON DEVELOPMENT

AND YIELD OF SOME GRAIN LEGUMES

 

 

Differential response of crop cultivars to planting dates result

from the changing of environmental conditions encountered by plants

started at different dates. Changes in daily atmOSpheric temperatures

and humidity, soil temperatures, day length, precipitation, evapotran-

spiration and solar radiation associated with varying dates and ex-

posure of different stages of a developing crop to such environmental

variables determines the rate and pattern of crop development and final

productivity.

1. Common Beans (Phaseolus vulgaris L.)
 

The germination, emergence, early growth and final plant stand

of beans is dependent on soil temperature and moisture conditions.

Harrington (1963) reported that germination was slight when soil tempera-

ture was below 15°C. He also reported slower growth of seedlings of the

slow gerninating seedlings. Stakonov (1976) has reported an increased

rate of germination of bean seeds is associated with increasing tempera-

ture from 18-42°C.; the germination time for all cultivars tested being

longest at 18°C. Planting date studies conducted in the United Kingdom

suggest Optimum sowing for navy beans around mid-May when soil temperatures

at 10 cms. depth have reached 12-13°C. Earlier sowing has been found to



reduce plant establishment (Scarisbrick, Car & Wilkes, 1976; Scarisbrick

& Wilkes , 1973) , However, significant genetic variability exists among

genotypes for their ability to germinate and develop under suboptimal

soil conditions. In addition, inherent seed characters such as seed

coat color, seed size and initial moisture content of the seeds appear

to exert great influence on the ability of bean seeds to germinate and

develop under cold, wet soil conditions. Harwick (1972) has reported

that small seeded cultivars of French and Runner beans emerged better

at low temperatures; but the size of the seedlings was reduced under

these conditions. Villiers, Nel and Hammes (1974) observed that culti-

vars with large and medium sized seeds germinated more slowly than those

with small seeds and germination rate increased with an increase in

temperature. Austin and Maclean (1972a) have shown marked effects of

temperature and seed size on seedling weight of common bean.

Deakin (1974) working with near isogenic lines of Phaseolus vulgaris
 

differing only in seed coat color observed a significantly higher emer-

gence and seedling vigor in color seeded sublines than in their white

seeded counterparts. Moreover, the yields from the colored seeded lines

were 67% higher than their white isolines. Dickson (1971) observed an

association between seed coat color and resistence to decay to soil

organisms with ability to germinate at low temperatures (8-10°C).

However, a low percentage of white seeded lines were reported to have had

good germination and decay resistance. Wyatt (1977) working with four

near isogenic lines of snap beans reported higher permeability of white

seed coats to water than colored seed coats in response to an osmotic

gradient with subsequent cracking and susceptibility to attack by soil



pathogens. He also reported a negative correlation between seed coat

thickness and seed coat dry weight and the rate of osmosis through

seed coats.

Pollock, R005 and Manalo (1969) showed that temperatures lower

than 15°C coupled with low oxygen supply adversely affect the emer-

gence and vigor of garden bean seedlings. This was especially true

when seeds were imbibed at low moisture content, less than 12%. The

stress conditions increased the number of decaying seeds and decreased

seedling size and number of normal seedlings. R005 and Manalo (1976)

observed that bean seeds with initial moisture content greater than 12%

had higher field emergence than seeds with lower moisture content parti-

cularly when the soil temperatures were below 10°C. Scroth, Weinbhold and

Hayman (1966) and Hayman (1968) observed a positive correlation between

percentage damping off of seedlings by root rot organisms and the amount

of seed exudates which increased at temperatures below 18°C and above

30°C.

Abellan, Vives and Chacon (1977) found a positive correlation

between dry bean seed yield and solar energy and temperature and a nega-

tive correlation with rainfall and humidity. Rauseo, Vives and Chacon

(1975) found positive correlations between seed yield and evaporation,

solar radiation, maximum, minimum and average temperatures variation and

sunshine. Negative correlations were reported between rainfall duration

and humidity. Ojeda, Vives and Chacon (1974) observed that the highest

yield corresponded to low cumulative values of rainfall at flowering and

high amounts of sunshine up to 70 days after sowing. In their study

yields were correlated with temperature and radiation but not with

humidity.



Schroder (1973) reported that early May sowing of beans in Germany

resulted in a relatively longer developmental period, which was shortened

by later sowings until about the 20th of June. The period was prolonged

further by still later sowings. Hardwick (1974) reported smaller seed-

lings at emergence from beans planted early than from those planted

later. This observation was due to the effect of low temperature during

germination. The same author (1973) has reported decreased fresh pod

yields in dwarf French beans at low temperatures because of a reduction

in the number of pods initiated at auxillary branches. Low temperatures

are found to reduce pod yields by directly affecting the growth of

auxillary buds.

Dale (1965) has demonstrated the dependence on temperature of leaf

surface expansion, rate of leaf unfolding from stem apex and partitioning

of dry matter between the leaves and the rest of the plants. Low tempera-

tures (IO-12°C) were found to reduce photosynthetic efficiency of dry

beans which was thought to be due to reduction in leaf chlorophyll con-

tent (Narikawa & Muira, 1974). Similar results have been reported by

Austin and Maclean (1972b). Izhar and Wallace (1967) have shown a reduced

net C02 uptake for several hours of two-week-old Phaseolus vulgaris L.
 

plants kept overnight at 10°C. Crookston et al. (1974) have reported

that plants kept overnight at 5°C exhibited severe reduction in photo-

synthesis the following day. Observations by Dale (1964) emphasizes the

importance of constant temperatures during the growing season since final

dry weight and leaf area were greatest at constant temperature and least

where the temperature fluctuated.

Lakhanov (1975) has reported that low temperatures (3-5°C) occurring

for a 4 day period during seed germination, flowering, seed formation and



seed swelling stage had adverse effects on plant survival, rate of develop-

ment and yield. Similar results were obtained when Haricot beans were

exposed to low temperatures for 7 days at various stages (Lakhanov, 1973).

However, Kemp (1973) showed genetic variability in beans for tolerance

to low temperatures during initiation and development of flowers. Best

results on growth, flowering, fruiting and yield of snap beans were

obtained by Singh and Mack (1966) when soil temperatures were around

25°C.

Atmospheric temperatures prevailing during the reproductive stage

of Phaseolus vulgaris L. appear to be of vital importance in terms of
 

final productivity. In addition to exerting influence on length of the

preflowering phase, atmospheric temperature affects the duration of

flowering, the percent pod set and time to physiological maturity.

Enriquez (1975) had reported a high correlation between night temperature

and days to first flower. His data shows that by increasing the tempera-

ture (l8-27°C) and day length (9-16h); a small reduction in number of

days from sowing to first flower occurred in both sensitive and insensi-

tive lines. However, the main factor controlling the time to first

flowering was temperature in the insensitive lines and day length in

sensitive lines. Similar results have been reported by Enriquez and

Wallace, (1974). Padda and Munger (1969) have shown that under

suboptimal conditions, further development of floral primordia is delayed

or completely inhibited even though flower initiation occurs.

Villiers, Nel and Hammes (1974) studied the effects of day/night

temperatures of 35/25°C, 30/20°C and 25/15°C on the development of eleven

dry bean cultivars under controlled conditions. The number of leaves,

total leaf area and dry root weight/plant were greatest at 30/20°C.



10

Root growth was very sensitive to high temperatures (35/25°C) during the

early growth stages but during flowering top growth was more seriously

affected than root growth. The number of flowers/plant and percentage

pod set were generally highest at 30/20°C. Villiers (1975) observed

that day/night temperatures of 32/18°C for a 7-day period during the

flowering stage retarded flowering while exposure to this temperature

during the flower bud or early flowering stages extended the flowering

period, increased the number of flowers/plant and delayed maturity of

the first pods. Flowering and pod set were most adversely affected

when plants were exposed to high temperatures for a longer period from

the 14th to 56th day after sowing. Seed yields were decreased only when

plants were exposed to high temperatures after 49 to 56 days from sowing.

Mack and Singh (1969) observed reduced percent pod set and weight

of pods of bush French beans when plants were subjected to high temper-

atures during the blooming period. They have reported up to 65% yield

reduction due to maximum temperature of 28-38°C. Using white pea beans.

Davis (1945) concluded from his studies that approximately 57% of the

blossoms set seeds if the maximum temperature did not exceed 24°C. For

each degree above 24°C, he reported a reduction of approximately 2% in

the set of pods. Smith and Prayor (1962) observed that under high tempera-

tures a reduction in the percent of flowers that set seeds and number of

beans/pod occurred.

Soil moisture conditions during the growing season have dramatic

effects on bean growth, development and seed yield. Excessive soil

moisture during emergence and early growth aggravates the activity of

soil borne pathagens promoting plant losses. Tsiklauri (1975) obtained

high yields by maintaining soil moisture content at 70% of field capacity.
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Dimitrov (1975) has also reported that the best root development in

Haricot beans occurred when soil moisture content was maintained at

70% of field capacity. Miranda and Belmer (1977) reported significantly

reduced pods/plant, 1,000 seed weight and seed yield because of soil

moisture stress during vegetative, flowering and from pod development

to maturity. Megalhaes, Millar and Choudhary (1978) have concluded

the flowering stage is the most critical period for water stress. These

authors reported significant reduction in seed yields and pods/plant due

to moisture stress, but the number of seeds/pod was not affected.

Conflicting results exist in the literature concerning the effects

of soil moisture stress on growth, development and seed yields of beans.

Dreibrodt (1952) found a reduction in seed yields when water was with-

held in the vegetative phase of pot grown beans. In three field experi-

ments Gableman and Williams (1960) found a response to irrigation in the

vegetative phase even in the presence of rainfall. Maurer, Ormord and

Scott (1969) found a yield reduction associated with a 32% available soil

moisture level before flowering. However, Kattan and Fleming (1956)

reported no yield reduction when the crap received neither rainfall nor

irrigation in the vegetative phase so long as the soil moisture was ade-

quate during the rest of the season. Bierhuizen and de Vas (1959) found

that when water stress during the vegetative phase was severe enough to

cause stunting of growth, it still did not reduce yield as long as there

was a plentiful water supply during flowering.

Salter and Goode (1967) quote numerous workers who reported on

improved seed yield resulting from irrigation during the flowering and

pod development phase. Kattan and Fleming (1956) showed a yield reduction

from 22.91 to 16.56 ton/ha if water was withheld in the flowering phase,
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and down to 6.51 ton/ha if water was withheld during the pod development.

Robins and Domingo (1956) found a yield reduction of about 20% when

moisture stress persisted for 15 days prior to blooming, 18-22 days

if it occurred during blooming or 15 days before ripening. Stoker (1974)

concluded that dwarf bean seed yields were reduced the most when water

stress coincided with flowering. Yields were also reduced by stress

during both the early and late vegetative phases. A stress during early

or late pod development had no effect on yield. Stoker (1974) reported

yield reduction mainly in the form of a smaller number of pods/plant

arising from flower abscission and mortality of young pods. However, the

number of seeds/pod was slightly less though individual seed weight was

little affected by water stress. This author showed a reduced straw

yield if stress occurred either during flowering or both early and late

vegetative phases.

2. Soybeans [Glycine max (L.) Merr.)
 

Rapid and uniform emergence of sdybean seedlings in the field has

been recognized as one of the key factors in obtaining maximum soybean

yields. Went (1961) concluded that less than optimum levels of tempera-

ture or moisture may weaken the seed and render it more susceptible to

other factors in the seed environment and consequently reduce emergence.

debeans have been found to have the fastest rate of germination and emer-

gence between 25 and 35°C (Edwards, 1934; Delouche, 1953; Hatfield & Egli,

1974). Shupert (1971) observed a higher germination percentage in the

growth chamber at 27/21°C temperature regime than at 21/16 or 16/10°C

regime. However, Fehr, Burris and Gilman (1973) reported no consistent

effect of soil temperature on the percent emergence of the cultivars they

studied.
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Grabe and Metzer (1969) reported that soybean cultivars differed

in their hypocotyl elongation when subjected to temperatures near 25°C.

Gilman, Fehr and Burris (1973) also studied hypocotyl elongation (a

potential indicator of germination and emergence) of various cultivars

when grown at temperatures of 20-32°C at 1°C increments. They found

that hypocotyl elongation of the short hypocotyl cultivars was not

inhibited at 20 or 30°C, but was at intermediate temperatures (maximum

inhibition at 25°C). The long hypocotyl cultivars exhibited no such

inhibitation between 21 and 29°C. Burris and Knittle (1975) have sug-

gested that some inhibitor or inhibitor precursor may be located in the

cotyledons of the short hypocotyl cultivars that causes the reduced

hypocotyl elongation at 25°C.

Seed size is known to have profound influence on germination and

emergence. Some studies have indicated that smaller soybean seeds have

faster germination rates (Edwards & Hartwig, 1971) and higher total

laboratory and field emergence percentages (Green et al., 1965). Singh,

Misra and Mehta (1978) reported that germination was negatively corre-

lated with 100 seed weight, seed volume and thickness and weight of

seed coat indicating that germination is decreased in the larger seeds

and in those with hard seed coats. However, Burris, Edge and Wahab

(1973) observed a moderate to substantial reduction in the emergence

percentage for the smaller seed (particularly the smallest seeds) for

three of the four cultivars they studied. Other studies (Fontes &

Ohlrogge, 1972, Singh, Tripathi & Negi, 1972; Johnson & Leudders,

1974) have reported essentially no effect of seed size on the field

emergence percentage.
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Littlejohn and Tanner (1976) observed cultivar differences in

the germination and emergence rates of 10°C; however, no cultivar

differences were noted at 20 and 30°C. Hopper, Oberholt and Martin

(1979) observed decreased time required for 50% emergence (18.8 - 4.0

days) as the temperature increased from 10 to 30°C. They found slower

germination rate of smaller seeds than that of larger seeds. Besides

significant cultivar x temperature interactions on germination and

emergence rates, they also observed that most cultivars merged in terms

of germination and emergence rates at temperatures between 10 and 20°C

and at the higher temperatures the cultivar rankings were different from

those observed at temperatures below the merging point.

Obendrof and Hobbs (1970) reported that sensitivity to chilling

injury of soybean seeds depends upon initial moisture content at the

time of imbibition. Imbibition of low-moisture soybeans at 5°C was

reported to cause a reduction in seedling survival, dry matter accumula-

tion and seedling height. They reported reduced survival of low moisture

(6%) seeds but not of high moisture seeds (16%). Injury in soybean may

occur after thirty-six hours of imbibition. Bromlage, Leaplod and

Parrish (1978) concluded that low temperature interferes with normal

membrane organization during imbibition probably by modifying the physi-

cal state of membrane phospholipids and that the consequent abnormal

organization of membranes is a basic cause of low temperature injury.

Thomas, Miller and Hill (1975) reported that low temperature during

imbibition significantly reduced stands due to preemergence damping off

caused primarily by Pythium ultimum.
 

Lawn & Byth (1973, 1974) have concluded that responses in the
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durationcyfphasic development patterns in soybean cultivars were

related to changes in day length and temperature regime during each

phase. The duration and extent of vegetative development for the

various cultivar planting date combinations were closely associated

with the length of the period from planting to the cessation of flo-

wering. Vegetative growth was greatest for those planting dates

which resulted in a delay in flowering and/or extended the flowering

phase.

Osler and Cartter (1954) reported that the earlier varieties gave

highest yields when planted at May 15; late varieties gave highest

yields when planted about May 1, and a variety intermediate in maturity

gave maximum yields when planted either May 1 or May 15. Maturity date

of later maturing varieties was affected less by delay in planting than

was that of the genetically earlier varieties. Feaster (1949) found

that for maximum yields short season varieties should be planted some-

what later than long season varieties. Weiss et a1. (1950) reported

that their earliest variety did not differ significantly at various

planting dates while yield of the latest variety decreased progressively

with dates subsequent to May 1. They reported that maturity of geneti-

cally early varieties was retarded more by delay in planting than the

of later varieties.

Decreased day length is reported to have resulted in fewer days

to maturity and shorter plant height (Hartwig, 1970; Huxley & Summer-

field, 1974; Huxley, Summerfield & Hughes, 1976; Johnson, Borthwick &

Leffel, 1960; Lawn & Byth, 1973; Whigham, 1975; 1976). Cultivars

classified as early maturing show little response to decreased day

length, but those classified as late maturing will flower and mature in
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fewer days when grown in short day environment (Criswell & Hume, 1972;

Johnson, Borthwick & Leffel, 1960; Lawn & Byth, 1973). Leffel (1961)

reported that flowering and postflowering phases in soybeans were

shortened by delayed planting and attributed this response to shorter

day length. Abel (1961) found that delayed planting reduced the time

for 50% flowering to maturity in early maturing cultivars, whereas the

preflowering phase was shortened in late maturing cultivars. Both

phases of development were shortened by delayed planting in cultivars

of medium maturity. Hartwig (1954) also reported a marked decrease in

the preflowering period for late planting of early cultivars. Lawn

& Byth (1973) have shown that variation in the length of period from

flowering to maturity takes place primarily during the flowering phase.

Day lengths which favor late flowering also favor long flowering periods.

Similar results have been reported by Whigham, Manor and Carmer (1978).

Johnson et a1. (1960) reported that the exposure of plants in the flo-

wering phase to photoperiods longer than those preceeding flowering

have resulted in longer flowering and flowering to maturity periods.

Lawn and Byth (1973) reported a significant effect of temperature

on the number of days to flower and on the number of days to maturity

only for those cultivars least sensitive to photoperiod. Major et a1.

(1975) reported that under conditions of more rapidly changing tem-

perature and day length, these environmental variables were additive

in their effects on flowering. Temperature has a greater effect than

day length on plantings made before 1 June at latitudes from 37 to 44°N.

After that day length had a greater effect; short days caused larger

reductions in the number of days to maturity than did cool temperature.

Brown (1960) and Hartwig (1970) reported delayed flowering at
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temperatures below 25°C regardless of day length. Brown (1960) also

reported maximum rate of development between planting and flowering

at 30°C. Lawn and Byth (1973) reported significant negative corre-

lations of length or preflowering phase with both the mean maximum and

mean minimum temperatures for the third week period prior to flowering.

Sierra (1977) has reported that the contribution to progress to-

wards flowering of a daily amount of solar radiation is higher when

daily photoperiod is photoinductive than when daily photoperiod is

nonphotoinductive. Cahpurina (1972) reported correlations ranging from

—0.78 to -0.92 between the temperature conditions of early plant develop-

ment and the length of the growing period from emergence to seedmaturity.

The reduction in the length of the whole growing period was mainly due

to a reduced period of flowering, the duration of which was determined

to a considerable extent by the temperature during the preceeding stage.

Whigham, Minor and Carmer (1978) reported that differences in the

length of complete life cycle were due more to the influence of the

environmental variables on the number of days to flower than on the

number of days from flowering to maturity. They also reported that

management variables affected the number of days from flowering to

maturity more than did environment.

Roberts and Stuckmeyer (1939) found that flowering of two

soybean cultivars was inhibited by low temperatures. Garner and Allard

(1930) attributed year to year variation in the number of days from

planting to flowering at any one planting date to variations in tempera—

tures during the preflowering phase. Flowering was consistently delayed

by low temperatures at the beginning and the end of season. Lawn and

Byth (1973) concluded that photoperiod was the dominant factor influencing
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the response of planting date in the length of preflowering phase for

most cultivars. The effects of temperature were clearly observable

only for the earliest cultivars which were effectively day netural in

the photoperiod range they examined.

The length of preflowering phase occupies a vital role in soybean

seed yields. Hague et a1. (1966) found that yield was influenced by

the length of the bean growth period and the number of reproductive

nodes which was closely related to the length of the preflowering

period. Hanway and Weber (1971) associated yield with the length of

the bean growth period and concluded that major yield differences between

varieties and years were due to differences in the length of this period.

Laing (1974) demonstrated a nonlinear relationship between soybean yield

and the length of the preflowering period when a sufficiently wide

range of varieties were considered within a particular environment.

Jones and Laing (1978) observed that the duration of the preflowering

phase shows a direct effect on node numbers and hence a parabolic effect

on yield whereas the duration of pod filling has linear effect on yield.

Lawn and Byth (1974) reported that, in general, physiological

development proceeded more rapidly and the number of days from planting

to the beginning and to the end of flowering period was reduced with

delayed planting and genetic earliness of maturity. The decline in seed

yield paralleled the occurrence of insufficient vegatative growth to

permit the formation of closed canopies. Jones and Laing (1978)

reported highly significant effects of temperatures on bean number per

reproductive node. Warmer conditions during flowering could be expected

to facilitate pod set and ovule development thus increasing bean numbers.

The temperature and radiation receipts during the flowering and pod
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filling stages are dependent on the dates of commencement of these

stages and thus are linked to the duration of the previous stages.

Since temperature plays a critical role in pod set, the timing of

flowering assumes critical importance. They also reported influence

of temperature during flowering on subsequent bean growth rate. They

postulated that temperature conditions during late flowering might

influence early ovule growth in such a manner as to affect subsequent

bean growth rate.

Temperature extremes, low radiation intensity and water stress

increased the rate of flower and pod abortion (Shaw & Laing, 1966: Mann

& Jaworski, 1970; Saito et al., 1970) while supplemental radiation and

high C02 levels reduced the rate of flower and pod abortion (Johnston

et al., 1969; Hardman & Brun, 1971). Increased percentage of flower

and pod shedding due to high temperature (32°C) and long photoperiod

were reported by Van Schaik and Probst (1958); though cultivar differ-

ences were evident. Huxley and Summerfield (1974) reported that high

night temperature (24°C) hastened flowering and offset the increase in

number of days to flowering caused by a long photoperiod. Huxley,

Summerfield and Hughes (1976) reported that high night temperatures

(24°C) promoted early vegetative growth and induced early flowering

while high day temperature (33°C) caused reduced yield per plant.

Besides affecting the response of soybeans to photoperiod (Parker

& Borthwick; 1973) an increase in night temperature for certain culti-

vars of soybeans has been found to decrease the number of days to

flowering, but as the plant matures an increase in day temperature

decreases seed yield (Summerfield, Bunting and Roberts, 1975). Thomas

and Raper (1976; 1977; 1978) have concluded that temperature plays a
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critical role in controlling plant morphology as well as pod-to-flowering

ratios. Thomas and Raper (1978) have emphasized the interacting effects

of temperature, photosynthate and nitrogen availability since tempera-

ture has a marked influence on pod appearance rate, pod number and pod

dry weight. Runge and Odell (1960) reported that mean maximum tempera-

ture and precipitation from 25 June to 20 September explained 60% of

the variability in Illinois soybean yields. Thompson (1970) found that

highest yields in the'centra1U.S. were associated with temperatures

which were higher than normal in Junelmrtlower than normal in July

and August.

Natochieva (1979)observed a positive correlation (r = 0.65)

between the amount of rainfall between flowering and seed development

and yield. Doss, Pearsen and Rogers (1974) concluded that adequate

water at pod filling stage was critical for obtaining highest seed yields.

Thompson (1978) reported that peak demand for soil moisture coincided

with the end of flowering to pod filling. Approximately 25% yield

decrease has been reported by Buntley, McCutchen and Morgan (1973)

when evapotraspiration exceeded rainfall during pod filling. Naylor,

Teare and Nickell (1975) have reported that water stress in soybeans

lowered photosynthetic rates, reduced shoot growth and yield and has-

tened maturity. Sionit and Kramer (1978) reported that stress during

flowering induction caused abortion in some flowers. Water stress at

early pod development caused greatest reduction in number of pods and

seeds while stress during pod formation and pod filling caused greatest

reduction in seed weight. Constable and Heron (1978) reported that soil

water deficits during pod filling in soybeans caused early leaf death

and cessation of pod filling thus decreasing seed yield. Burch, Smith
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and Mason (1978) reported that in addition to yield reductions by

35% maturity was hastened in rainfed crops in comparison to irrigated

crops.

Sivkumar and Shaw (1978) reported close correlation between rate

of leaf area expansion and soil water potential. Bunce (1978) has

reported reduced leaf expansion rates and net photosynthetic rates

per unit leaf area because of moisture deficit. Blonchet, Gelfi and

Bosc (1977) have reported linear relationship between dry matter pro-

duction and water use. The dependence of seed production on water use

and seed total dryzmatter ratio prompted them to advocate the selection

for cultivars with moderate leaf area, a strong root system and a high

seedztotal dry matter ratio of dry conditions.

3. Cowpeas [Vigna unguniculata (L.) Walp]
 

Atmospheric temperatures during the growing season exert profound

influence on development and seed yields of cowpeas. Huxley and

Summerfield (1976) showed that small changes in aerial temperatures

can have a drastic effect on seed yield. They further concluded the

possbility of the role of temperature in determining 'rates' and

'duration' of seed growth. Summerfield, Minchin and Roberts (1978)

investigated the overall effect on the duration of seed growth of

warmer compared with cooler day and night temperatures under controlled

conditions in a glasshouse. They reported an average reduction of 25%

in the warmest regime. Summerfield (1973) reported that warm day

tempetatures accelerate the rate of leaf senescence in cowpea as well as

promoting considerable abortion of peduncles, flowers and young pods.

Huxley and Summerfield (1974) reported that night temperature also

affects responses to day length and may even be more important in
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determining flowering time and seed yield. Summerfield, Wien and Minchin

(1976) reported that many cultivars flowered earlier in the shorter day

length, sensitive cultivars flowered up to 28 days sooner in warmer

than in cooler nights. In several instances, the effects of longer day

length in delaying flowering and of warmer nights in hastening it,

almost exactly offset one another so that time to first flower under the

extreme treatment combinations were closely similar. Although differ-

ences in day temperature between 27 and 33°C have hardly any effect on

the onset of flowering of the cultivars investigated by Summerfield

(1975) warmer day temperatures markedly decrease seed yields in cowpeas.

Increased abortion of peduncles, flower and young pods, together with

accelerated leaf senescence, can negate yield potential created by

maximum node production before the onset of flowering (Summerfield, Wein

and Minchin, 1976).

Roberts et. a1. (1978) concluded that very warm temperatures are

deleteriousix>seed production in cowpea because they decrease not only

seed number per fruit but also individual seed size (by decreasing the

rate of accumulation without increasing the duration of fill). They

reported that differences in day temperatures (27 to 33°C) had hardly

any effect on the duration of vegetative growth whereas cool nights

(19 to 24°C) delayed the appearance of first flowers by an average of

4.5 days. The longest peduncles were produced in the coolest day/night

temperature regimes (27/19°C); warm days decreased peduncle length by

25% and warm nights by 37% so that peduncles were less than half as

long in the warmest day/night temperature regime (33/24°C). Plants

grown in 33/19°C day/night temperature regime were 14% shorter, unbranched,

had nodulated less well and produced smaller roots and less leaf tissues.

These vegetatively inferior plants weighed 25% less than plants in other
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treatments. The mean dry weight of individual seeds contained in the

first fruit produced in the 27/19°C day/night temperature regime was

more than double that recorded in the warmest regime (33/24°C). This

was attributed to longer duration of linear phase of increase in dry

weight accompanied by higher rate of increase in seed dry weight during

the linear phase. Furthermore, fruits maturing in the cooler day

temperature regimes contained the largest number of seeds, followed

by warm days with cool nights (33/19°C) followed by the warmest day/

night temperature regime (33/24°C).

Soil temperature also affects the growth, develOpment and yield

of cowpeas. Philpotts (1967) reported a linear decrease in nodulation

and total dry weight with increasing soil temperature (at sowing depth)

from 31-40°C. Lal (1974) found that soil temperatures between 30-34°C

were optimum for seedling growth. Minchin, Huxley and Summerfield

(1976) reported that mean maximum soil temperatures above 32°C signi-

ficantly reduced vegetative growth of cowpea cultivars, through their

effects on branch, peduncle and root dry weight per plant and to a lesser

extent on leaf production. The warmest temperature regime (BS-40°C)

also reduced nodule activity. Seed yields were adversely affected due

largely to changes in the number of peduncles/plant as mean maximum

soil temperature increased from 25.8 to 35.4°C.

4. Fababeans (Vicia faba L.)
 

Simons (1974) reported that seeding of fababeans when seedbed tem-

peratures are lower than 10°C is likely to cause delayed germination and

reduce the number of plants established. Brouwer (1964) found that the

rate of leaf expansion in broad beans increased between root temperatures

of 10 and 20°C, but remained constant between 20 and 30°C. Suboptimal
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soil temperatures (less than 20°C) reduce dry matter production.

Keatinge and Shaykewich (1977) reported that low soil temperatures in

the initial vegetative growth may be responsible for failure to achieve

potential crop crowth.

Atmospheric temperature has a strong influence on growth and

development of fababeans. Bull (1968) reported that the relative rate

of increase of leaf area per plant was closely related to daily maximum

air temperature. El-Nadi (1969) observed a higher relative growth rate

in broad beans at 24°C than at either 18.5 or 29.5°C. Evans (1957)

reported that maximum growth rate of fababeans occurred between 23 and

30°C, but varietal differences were evident. Hodgson (1967) reported

maximum relative growth rate in field beans at the highest mean tempera-

ture experiences in their study (l4-l6°C). Listowski, Jackowska and

Wirowski (1966) suggested that high night temperatures (20°C) might

reduce seed yields in field beans but the influence of this variable

was much less important than that of moisture stress. Ishag (1973)

reported up to 23% reduction in seed yields because of hot dry weather

between rains. Keatinge and Skykewich (1977) reported that high

ambient temperature (above 20°C) appear to be deleterious to crop

growth.

Sprent, Bradford and Norton (1977) reported that variations in

growth were associated wtih variation in soil moisture content. They

suggested that water supply may be a more important factor controlling

yield than either solar radiation or plant competition, with the period

following pod setting being specially vital. They reported that at the

time of pod setting water requirement may often be in excess of supply.

Karamanos (1978) reported that drought hastened the senesence of older
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leaves and increased the number of dead leaves per plant. In addition

to inducing early leaf death water shortage effectively controls total

active leaf area by controlling leaf production and leaf unfolding.

Keatinge and Shaykewich (1977) reported that high soil moisture stress

appears to be capable of severely reducing yields especially when

experiences during the early phases of reproductive development.

El-Nadi (1969, 1970) found that the imposition of water stress at

flowering resulted in a considerable increase in flower shedding and

that the effect of water stress on seed yield was most severe at the

time of seed setting.

Soil moisture stress can retard growth of broad beans and water

stress greatly reduces absolute leaf growth (Elston et al., 1976).

Jones (1963) found that seed yield in field beans depended on rapid

growth before the flowers began to develop and that an early check

to growth by drought could not be corrected by plentiful supply of

rain at later stages of growth. The importance of rapid early growth

has been demonstrated by Paulsen (1977) who observed a significant and

positive correlations of the number of nodes before flowering with

duration of preanthesis growth, number of pods per inflorescence, number

of seeds per pod and the efficiency of seed production. Ishag (1973),

in an attempt to identify the physiological factors affecting seed

production of broad bean, demonstrated the need for a large leaf area

duration before flowering and large leaf area at podding nodes for

higher seed yields.

Lawrie and Wheeler (1975) concluded that yield limitations in

broad beans could result from suboptimal Carbon or Nitrogen fixation

from an imbalance between the two processes since Nitrogen fixation is
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dependent on a ready supply of photosynthate. Sprent (1972) and

Pankhurst and Sprent (1975) reported that water stress may affect

nodule activity directly while Huang, Boyer and Vanderhoef (1975a,

1975b) reported indirect affect of water stress on nodule activity

via a reduction in supplies of photosynthate. El-Beltagy and Hall

(1974, 1975) reported that the abscission of reproduction organs in

broad beans is influenced by ethylene concentration which may vary

with water stress. Lambeth (1950) and Kambal (1969) have concluded

that abscission of buds, flowers and young fruits is accentuated by

unfavorable environmental conditions which include low humidity, high

temperature and low soil moisture.

5. Peas (Pisum sativum L.)
 

Pea yields vary greatly depending on location, planting date

and year. A large part of this variation in yield has been attributed

to highly variable weather conditions during the growing season.

Several investigators have reported that air temperature has a predomi-

nant influence on the growth and yield of peas. Bosewell (1926)

planted peas at weekly intervals and thereby exposed them to progres-

sively higher temperatures. Later plantings required less time to

reach any particular stage of development but higher temperatures had

an adverse effect on pod set, though there was no reduction in number

or weight of peas per pod with later plantings. In his further work

Bosewell (1929) found that closest inverse relationship between high

temperature and yield was for the period between blossoming and harvest.

Experiments by Karr, Linck and Swanson (1959) reveal the existence of

a relatively well defined thermal sensitive period with maximal sensi-

tivity tolrufliday temperatures occurring at about 9-11 days after full



27

bloom, and maximal sensitivity to high night temperatures occurring

Lamber and Linck (1958) for a period lasting from 5 days before to

15 days after full bloom reduced fresh weight and seed size. Exposure

to 32°C reduced yield more effectively than exposure to 29°C, while

29°C was more effective than 27°C. High temperature exposure of plants

for 6 hours during the light period reduced yields according to number

of exposures, five consecutive daily exposures being more deleterious

than one. They reported that the most critical period was five days

after bloom.

Bosewell (1926) reported that pea yields fell rapidly with

aerial temperatures, yield decreases being attributed mainly to decreased

number of pods per plant. In general, most workers have shown that

yields are reduced by high temperatures above an optimum temperature

of approximately 16—21°C. Fletcher et a1. (1966) concluded that growth

decreases below and above an optimum value near 20-21°C and dry weight,

peas per pod and pea yield all decrease when air temperatures are above

the optimum. They observed that where temperatures exceeded the optimum

for most growth characteristics, the mamimum temperature was negatively

correlated with vine and pea yield, whereas where temperatures were

suboptimum to optimum, the mean maximum temperature was positively corre-

lated with vine and pea yield. Adedipe and Ormord (1970) also reported

reduced growth and yield under growth room conditions when day tempera—

tures were raised from 20 to 30°C, night temperatures were raised from

13 to 21°C or soil temperatures lowered from 18 to 10°C.

Karr, Linck and Swanson (1959) distinguished between effect of

day and night temperatures following anthesis when he reported a yield

reduction of 25% from high night temperature (day of 32°C with 15 v/s
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30°C night) and yield reduction of 8% from high day temperature (night

30°C with 24 v/s 32°C day). Stanfield, Ormord and Fletcher (1966)

attempted to determine relative effects of day/night temperatures on

development of peas where soil moisture were not limiting. They con-

cluded from a growth room experiment that optimum temperature for total

vine growth shifted from 21/16°C to 16/10°C (day/night) during the

course of plant development and that yield of peas decreased at a

temperature above l6/10°C.

Mack (1973) reported that maximum vine weight occurred at the

seasonal mean daily soil temperature of 17.5°C (20 cms. depth) when

moisture stress was kept low. The weight was less at lower (10.4°C)

and at higher (29.2°C) soil temperatures. They reported maximum yields

at the coolest temperatures and that reduction occurred with increased

soil temperatures. They reported considerable growth and yield reduction

because of moisture stress. Wang (1960) indicated that the combination

of a warm spring (during the seedling stage) and a cool summer (during

the reproductive period) produces a high yield while the combination of

a cold spring and a hot summer produces a low yield. Based on yield

records for several years, he found that an average of over 25% of the

yield figures were correlated with mean temperature differences between

these two significant growth periods (Wang, 1962). Milbourn and Hardwick

(1968) attributed reduced yield in late planted peas to fewer podding

nodes/main stem, fewer pods/podding node and a slower rate of increase

in pod weight.
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SECTION II

EFFECTS OF NITROGEN FERTILIZATION ON GROWTH DEVELOPMENT

AND YIELD OF SOME GRAIN LEGUMES

 

 

Nitrogen fertilization of grain legumes has been an issue of great

curiosity in the past several years. Response of nitrogen fertilization

by legumes appears to be dependent on native soil nitrogen, soil organic

matter, previous cr0pping history, weather conditions-~primarily rainfall

during the growing season, rate of nitrogen applied, time and form of

fertilizer used. However, differential response of genotypes to nitrogen

fertilization have frequently been obtained. In general, nonnodulating

lines seem to have benefitted from higher levels of nitrogen application

while nodulating lines do not appear to have responded well to additional

doses of nitrogen.

1. Common Beans (Phaseolus vulgaris L.)
 

De Souza (1969) from Kenya reported that Phaseolus vulgaris L.
 

can fix adequate N to meet its nutritional requirements. However, re-

sults from several other studies do not support his findings. Sistachs

(1970) has reported 32% increase in seed yields with application of

SthgsN/ha, though he observed reduction in nodulation. His study

indicated that both N fertilization and inoculation are necessary to

obtain a high seed yield with high N content. Castro and Perera (1975)

obtained significant increase in the number of pods/plant and the

weight of 100 seeds with Nitrogen application. Roberts and Weaver

(1970) observed a significant yield response with application of 179.2

kgs N/ha. The additional N is reported to have significantly delayed

maturity besides promoting vegetative growth. They did not report any

detrimental effects of high N fertility under suitable weather conditions.
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Wilkes and Scarisbrick (1974) reported significant yield response to 125

kgs N/ha resulting from an increased number of pods/unit area. Failure

to observe any advantage from further increase in N level was attributed

to lower than average precipitation during the growing season. Asif

(1970) has also reported increased pod yields with Nitrogen application.

In snap beans, Doss, Evans and Turner (1977) have reported increased

rate of plant growth and final plant height with N fertilization. How-

ever, the effects were mainly between non N and the lowest N rate used

in their study. Asif and Greig (1972) obtained increased bean yields

with application of 67.2 kgs N/ha at planting and 2 weeks after emergence.

However, they reported a nonsignificant decline in yields with application

of 201.6 kgs N/ha parcelled at 2 equal dressings. El-Leboudi, Maksoud,

and Midan (1976) reported significantly increased number of pods/plant

with application of 50 kgs N/ha 24 days after sowing than with no

nitrogen treatment. Works by Smittle (1975) and Doss, Evans and

Turner (1977) underscore the importance of irrigation in order to

obtain increased bean yields with high levels of N fertilization.

Also, attempts have been made to increase bean yields through

split application of N fertilizers during vegetative growth of dry

beans. Montjos and Megalhaes (1971) succeeded in obtaining increased

dry bean yield through fractional application of 66 kgs N/ha at 3

equal dressings-~7, l4 and 21 days after emergence. This procedure

is reported to have delayed leaf senescence and improve the photosyn-

thetic capacity of the crop because of increased leaf area duration.

However, Mascarenhas (1966) failed to observe any favorable effect of

such split applications, through application of 50 kgs N/ha signifi-

cantly increased seed yields.

One of the most recent developments towards obtaining increased
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yields in grain legumes has been the concept of nitrogen fertilization

during the reproductive stage of the crop. Works by Sinclair and De Wit

(1975, 1976); Lindoo and Nooden (1976); Derman, Rupp and Nooden (1978)

on soybeans and by Sinha (1973, 1974) on several grain legumes indicate

that low yields in grain legumes could result from decline in photo-

synthetic activity during the pod filling stage accruing from translo-

cation of N from vegetative tissues to the developing seeds since the

disintegrating nodules are unable to meet the N requirement of the plant

during this period. Gallo and Miyasaka (1961) observed greatest uptake

of N by Phaseolus vulgaris L. at the period of seed development in the
 

pod. They suggested the desirability of delayed N application since

plant requirements at this stage may not be satisfied by N fixation

alone; and it would not interfere with the early steps of symbiosis.

This concept is in general agreement with Rivera and Giraldo (1976);

Graham and Rosas (1977, 1978) and Bethlemfalvy and Phillips (1977) who

have reported highest levels of N fixation in Phaselous vulgaris L.
 

at flowering with a decline in nodule activity thereafter.

Franco, Pereira and Neyra (1979) have reported 59% increase in seed

yields with application of'NH4N03 to the soil at flowering. Papanicolau,

Skarlou and Apostolakis (1977) have reported slightly increased yields

with application of N fertilizers two weeks before flowering than with

application at sowing, but yields were decreased by delaying fertilizer

application until the end of flowering. Oliker, Polajkoff-Moyber and

Mayer (1978) have suggested the possibility of enhancing bean seed pro-

duction by delaying N fertilization until the third week after anthesis.

However, Lauer (1979) failed to observe any significant effect of

foliar applied N and some other nutrients during reproductive period of

the crop.
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2. Soybeans [Glycine max (L.) Merril]
 

Soybeans derive N directly from the soil as inorganic residuals

or as mineralized organic soil fractions and indirectly by the symbiotic

nodule relationship where the bacterium Rhizobium japonicum fixes N
 

present in the soil atmosphere. Investigations by Allos and Bortholomew

(1959); Harper, Nicholas and Hageman (1972) and Weber (1966a, 1966b)

indicate that the amount of N fixed symbiotically range from 25-75%

the total soybean nitrogen.

Nitrogen fertilization has offered inconsistent yield responses

of soybeans and has been reported to have detrimental effects on nodule

formation or bacteria efficiency concurrent with a decrease in symbioti—

cally fixed nitrogen (Allos & Bartholomew, 1959; Bhangoo & Albritton,

1976; Ham et al., 1975; Harper & C00per, 1971; Hatfield et al., 1974;

Lyons & Early, 1952; Sorensen & Penas, 1978; Thorton, 1947; Weber,

1966a, 1966b). Sistachs (1974) reported that primary nodule production

was adversely affected by N application. Bezdick, Mulford and Magee

(1974) reported decreased N fixation with increasing rate of N applica-

tion though there was a significant increase in dry matter, nutrient

uptake and yield. Abu-Shakra and Bassiri (1972) reported inhibited

nodulation with increased nitrogen availability. Posypanov (1974)

reported that N application delayed nodule formation by 7-14 days.

Ludwig and Allison (1935) proposed that variation in C : N

gradient during nitrogen assimilation was responsible for the change in

the reaction of the legume plant to nodule bacteria. In the presence

of low nitrogen, soybean plants contain an excess of carbohydrate, some

of which is secreted by the roots into the rhizosphere where it stim-

1ates the growth of microorganisms (Hatfield et al., 1974; Hughes &
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Metcalfe, 1975; Richardson, Jordan 8 Garrard, 1957; Van Schreven, 1962;

Weber, 1966). However, with increasing N concentration, the plant

carbohydrate may be tied up on the protein forming process to such an

extent that there is little if any carbohydrate excreted from the roots

into the rhizosphere (Richardson, Jordan 8 Garrando, 1957), resulting in

little inducement for the bacteria to be attracted to the plant roots.

The role of root secretions on multiplication of effective rhizobial

strains have been demonstrated by Rovira (1956) and Stewart((1966).

However, there are a considerable number of literature reviews

on behalf of inadequacy of nitrogen fixation by the rhizobia living

symbiotically on soybean plant roots to meet the needs of the plants

(Harper, 1974; Harper 8 Hageman, 1972; Hatfield et al., 1974; Howell,

1963; Lathwell 8 Evans, 1951; Loos 8 Louw, 1965; Weber, 1966). Many

investigators (Fuehring 8 Finkner, 1974; Groneman, 1974; Hera, 1974;

Hulpai, 1973; Lathwell 8 Evans, 1951; Rios 8 Dos Santos, 1973) have

emphasized the importance of some combined nitrogen in obtaining maxi-

mum yield. Their yield of soybean was closely correlated with the

amount of nitrogen accumulated throughout the life cycle of the plant.

Grain yield was determined by the number of pods and subsequently by

the number of seeds retained by the plant, and this was determined by

the levels of nitrogen during the bloom and seed filling period.

Positive yield responses of sdybeans to nitrogen fertilization

are associated with decreases in the amount of N fixed during later

growth stages due to nodule senescence (Lawn 8 Brunn, 1973; Neil

8 Ohlrogge, 1972) or competition between nodules and seed formation

for plant assimilates (Blomquist 8 Kust, 1971; Lawn 8 Brunn, 1974).

Norman and Krampitz (1945) observed that nodulated soybeans did not

make maximum dry weight yields when relying throughout the life
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cycle predominantly on nitrogen fixation to supply total nitrogen needs

of the plants. In experiments carried out by Kang (1975) fixed nitrogen

was adequate to supply the nitrogen needs of the crop, but 30 kgs N/ha

was needed with inoculation for maximum yields. Similar resu1ts have

been reported by Hatfield et a1. (1974) and Sorensen and Penas (1978).

Early supplies with small amounts of mineral nitrogen enable the plant

to maintain a reasonable growth rate from the outset. This may cause

more rapid plant growth and root development which would then prepare

more sites for nodule production (Allos 8 Bartholomew, 1959; Hatfield

et al., 1974; Howell, 1963; Orcutt 8 Wilson, 1935; Shibles, Anderson 8

Gibson, 1975; Van Schreven, 1959; Harper 8 Hagemen, 1972; Shibles 8

Weber, 1966; Terman, 1977).

Maximum utilization of nitrogen by the soybean plant occurs

during the later growth stages (Harper, 1971; 1974; Hendersen 8 Kamp-

rath, 1970). In an analysis of photosynthate and nitrogen requirements

of 24 different crops, Sinclair and De Wit (1975) reported that grain

legumes have the higher nitrogen requirements per gram of photosynthate,

soybeans having the highest N requirement (29 mg/gm of photosynthate)

of all crop species examined. The high demand for N during seed develop-

ment and inability of the soil N and Symbiotically fixed N to meet this

demand require translocation of N from vegetative tissues to the rapidly

developing seeds. Rapid translocation of N from leaves in the form

of amino acids resulting from degradation of proteins, especially

ribulosebiphosphate carboxylase, and enzyme which comprises 25% of the

protein in soybean leaves and which is responsible for photosynthetic

C02 fixation leads premature senescence of the leaves, thus curtailing

the duration of seed development (Sinclair 8 De Wit, 1975; 1976).
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Similar results have been reported by Derman, Rupp 8 Nooden (1978)

and Lindoo and Nooden (1976) on soybeans and Sinha (1973; 1974) on

several grain legumes.

Based on the data of Hanway and Weber (1971), Sinclair and De Nit

(1976) calculated that 130 kgs N/ha can be supplied by vegetative

organis (assuming minimum N concentration in vegetative organs at

maturity) to the developing seeds. Translocation of N at the estimated

rate of 5 kgs N/ha/day from vegetative tissues results in depletion of

the supply and self destruction after a seed growth period of only 26

days. They have concluded that since the main source of variability

in seed yield is the duration of the seed development period, either an

increase in N supply rate from the roots or an increase in stored

nitrogen within the vegetative plant lengthens the seed development

period and increases seed yields.

Several workers have reported that 50-64% of the nitrogen in

soybean seeds comes from redistribution of N from the vegetative portions

of the plant during the filling period (Borst 8 Thatcher, 1931; Hammond

et al., 1951; Hanway 8 Weber, 1971b). Latimore, Giddens and Ashley

(1973) reported that demand for N at the pod filling stage was high,

23% of the total being required during a period of 20 days from mid to

late pod filling stage, when nitrogen fixation by nodules was declining.

High N requirement during the phase of seed development stems from much

N needed for duplication of both genetic and protoplasmic proteins.

The high demand for N during seed development of soybean requires

timing of fertilizer application in such a way that maximum uptake of

applied N occurs at the critical stage of reproductive development.

Mederski et al. (1958) and Enken (1959) reported better responses of N

applied at the beginning of flowering. Shibles and Weber (1966) reported
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that limited N supply at full bloom or pod and seed setting resulted in

abortion of potential storage sites. They emphasized the need of N for

production of storage proteins during bean filling. Iwata and Utada

(1967) reported that a lack of N for 2-3 weeks immediately before flo-

wering reduced yield, while withholding N after flowering had no effect

on yield. Brevedon, Egli and Legget (1978) applied 168 kgs N/ha at the

beginning or end of flowering or both to field grown soybeans. Markedly

less effect was obtained with N applied late than with that given early

and increased seed yield resulted from increased number of seeds/plant

mainly and also due to increased seed weight. Conversely, Welch et a1.

(1973) reported no effect of application of up to 224 kgs N/ha at

plantings or sidedressed at early flowering or pod filling.

Popescu and Axinte (1979) reported that application of 64 kgs

N/ha at pod formation stage gave highest seed yields as compared to

the treatments receiving the same quantity of N at the vegetative

stage or at the flowering stage. Rios 8 Dos Santos (1973) reported

that application of 60 kgs N/ha at flower initiation increased soybean

seed yields by 325 kgs/ha. Nodule number and weight were unaffected

by N at 40 or 60 kgs/ha but 120 kgs N/ha retarded nodulation, the N

affecting mean weight of nodules formed shortly after its application.

Deibert, Bijeriego and Olsen (1979) applied N fertilizer at rates of 45,

89 and 134 kgs/ha at planting or at full bloom. Nitrogen fertilization

had no effect on seed yield of nodulating isoline, but increased the

seed yield of nonnodulating isoline due to delayed fertilizers applica-

tion. Fertilizer utilization percentage of both lines at later growth

stages increased as fertilizer rate increased. Fertilizer applied at

planting at rates above 45 kgs N/ha reduced the symbiotically fixed N
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fraction, whereas delaying fertilizer application had no such influence

at any rate of N employed.

Further clarification on nitrogen status of soybean plants have

been obtained through studies conducted in hydroponic growth conditions.

Streeter (1978) reported that withdrawal of N only 30 days prior to

maturity resulted in major reduction in seed size and seed nitrogen

concentration. Nitrogen stress during reproductive stages reduced seed

yield to nearly 25% of the control and only when N stress was prolonged

was additional N exported from leaves and stems. Lathwell and Evans

(1951) grew uninoculated soybeans in a nutrient solution containing

100 mg N/liter. When N was withdrawn from the solution during flowering,

seed yield was decreased four-fold relative to plants which received

100 mg N/liter until maturity. Harper (1974) reported that N03 utiliza-

tion was highest at full flowering with symbiotic N fixation reaching

' its peak 3 weeks later during pod filling. Seed yields of plants

totally dependent on N were 50% less of those using both N03 and atmo-

spheric N under hydroponic growth conditions. Egli, Legget 8 Duncan

(1978) reported that increasing the supply of N to the plant during the

filling period had no effect on maturity or on the amount of nitrogen

redistributed to the seed in comparison to the control suggesting that

the redistribution of N from the vegetative material to the seed can't

be prevented by increasing the N available to the root system. This

finding is in general agreement with that of Hanway and Weber (1971a),

who reported that the redistribution of nutrients, including N, from

vegetative material to soybean seed occurred regardless of the rate of

fertilizer application. They concluded that nutrients are translocated

to the seed from vegetative material even though readily available

in the soil.
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Also, attempts have been made to investigate the possibility of

obtaining increased soybean yields through foliar fertilization during

the seed filling stage. Garcia and Hanway (1976) reported increased

seed yields of soybeans with 2-4 foliar applications of 80:10:24z4 kgs

N:P:K:S per hectare during the seed filling period, yield increased

being attributed to increased number of seeds and not seed size. They

postulated that the uptake of nutrients from the soil and their rate of

translocation through the xylem is not adequate to supply the require-

ments of the soybean plants in order to avoid the normally observed

depletion of these nutrients from the leaves during the seed filling

period. Paradoxically, Boote et a1. (1978) failed to observe increased

soybean yields with five weekly foliar sprays of 28:2.9:8.4:l.2 kgs

N:P:K:S per hectare primarily because it did not meaningfully enhance

leaf N or photosynthetic rate of photosynthetic duration. Robertson,

Hinson and Hammond (1977) also failed to observe increased soybean

yields through foliar fertilization.

3. Cowpeas [Vigna unguniculata (L.) Walp]
 

Nutman (1971) reported that annual symbiotic fixation of field

grown cowpea plants has been variously estimated at between 73 and 240

K95 N per hectare. Depending on the effectiveness of the cowpea-

rhizobium symbiosis various responses of cowpeas to Nitrogen fertiliza-

tion are likely. Nangju (1973) reported that with effective nodulation

and symbiosis cowpea yields were not increased by applied N fertilizers

up to 180 K95 N/hectare. These findings substantiate other field

experiments in the tropics on a range of cultivars (Summerfield et al.,

1974). However, Worley et a1. (1971) and Johnson and Evans (1975)
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reported significant increases in cowpea seed yields in response to N

applications ranging from 40-600 Kgs/ha.

Rachie and Rockwood (1973) reported that effectively nodulated

cowpea plants gain little or no benefit in terms of seed production

from nitrogen fertilization. Experiments with pot grown plants of

cowpea in glasshouse environments showed that small amounts of applied

N at sowing (equivalent to 30 Kgs/ha or less) could benefit symbiotic

fixation, but higher levels of N were detrimental (Dart 8 Mercer, 1965).

Of course, soil may contain available nitrogen equivalent to these values

so that further N fertilization would then be detrimental. Eaglesham

et al., (1974) reported that adding combined N to nodules which are

already fixing can have deleterious effects. Alternatively, small doses

of applied N may be synergistic and stimulate nodule production and

symbiotic fixation in cowpeas (Pate 8 Dart, 1961; Ezedinma, 1964; Dart

8 Wildon, 1970) and even improve seed yield (Summerfield et a1, 1976).

Summerfield et a1. (1977) reported that although symbiosis

supplies over 80% of the plants N content throughout growth, maximum

rates of fixation are achieved by this association at about the time

plants come into first flower and subsequent values decline markedly

during the rapid pod fill. Englesham et a1. (1977) also reported

maximum fixation rates at flowering with subsequent decrease during pod

development. Although the daily N fixation rate during fruit maturation

was equivalent to only about 25% of the average value during early fruit

growth, it was slightly greater than that calculated for the entire

vegetative period. Minchin et a1. (1977) reported that in higher

yielding cowpea rhizobium associations rates of symbiotic fixation

equivalent to 33% of the maximum recorded soon after flowering had been



40

measured just 5 days before all the pods were mature.

Eaglesham et a1. (1977) demonstrated that maximum rates of N

assimilation occurred during pod fill, with nodules contributing ten

times more nitrogen than the applied source. Symbiotic fixation con—

tributed significantly to seed N during late pod fill, when nutrient N

assimilation was negligible. Vegetative N content was greatest at mid

pod fill, and mobilization of this pool was equivalent to 44% of total

seed nitrogen. Summerfiled et a1. (1977) reported that the nitrogen

supply to cowpea seeds seems to depend largely upon postflowering

symbiotic fixation and/or uptake of inorganic nitrogen. In their experi-

ments, although nodulated plants receiving no applied nitrogen had the

most rapid rate of fixation they were smaller vegetatively and in seed

yield compared with nodulated plants receiving a low level of nitrogen

throughout the growth period. They suggested application of small

quantities of inorganic nitrogen in order to maximize early vegetative

growth and hence optimize subsequent seed yields. Dart et a1. (1977)

demonstrated that irrespective of the amount and/or time of N applica-.

tion, nodulated cowpea plants produced almost 40% greater seed yields

than nonnodulated ones. Nonnodulated plants relying on N produced fewer

branches, peduncles and mature pods. They also reported that adding

nitrogen after flowering delayed leaf senescence and/or encouraged

continued leaf production besides increasing individual seed weight and

number per pod. However, seed yields were not significantly increased

by N applications to nodulated plants. Summerfield et a1. (1976) also

reported that seed yields of effectively nodulated plants were almost

double those of nonnodulated ones regardless of differences in the timing

and level of inorganic N applied. They also reported little effect on
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seed yields of short-term applications of fertilizer N on cowpea although

only levels up to 60 ppm N were applied.

4. Fababeans (Vicia faba L.)
 

Fababeans require large quantities of N to attain full yield and

protein potential. McEwen (1970) reported that 4820 Kgs/ha fababean

seed contained 229 Kgs N/ha. Richards (1977) reported that the produc-

tion of a 2000 Kgs/ha fababean seed yield containing 30% protein re-

quired 194 Kgs N/ha of which 116 Kgs N/ha was contained in the seed and

78 Kgs N/ha was contained in the straw and roots.

Rogalsky (1972) and Sadler (1975) reported that N broadcast at the

surface significantly increased fababean seed yields, suggesting that

symbiotic N fixation was not fully able to satisfy the fababean's re-

quirements. Kralova and Nouchova (1974) reported that maximum aerial

yield of fababeans harvested at flowering occurred when 105 to 210 mg

K/ha soil had been applied at seeding. They also observed that faba—

beans receiving the higher rates of N fertilizer had fewer nodules than

those receiving no supplemental nitrogen.

Some researchers have suggested that fababeans are capable of

fixing all of their nitrogen requirements. McEwen (1970) reported that

rates of N fertilizer broadcast on the surface at seeding in excess of

that which could be symbiotically fixed resulted in seed yield increases

of less than 10% with protein content being unaffected. Split N appli-

cations and single large midseason N applications also did not effect

seed yield and protein content. In identical growth chamber experiments

with Pisum arvense, Pisum sativum and Vicia faba researchers reported
  

that single large N applications at the onset of flowering significantly
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increased aerial yields of P, sativum and E, arvense but had no effect

on Vicia faba. They concluded that these fababeans derived sufficient
 

N from symbiotic fixation (Rinno, Ebert 8 Wildner, 1973) and Richards

and Soper (1979) concluded that fababeans when nodulated with effective

strains of Rhizobia obtain their N from soil and symbiotic fixation,

which was able to fully satisfy fababean's N demand throughout their

entire growth cycle. Aerial yield was not affected by N fertilizer up

to 200 mg N/ka soil applied at seeding, by 100 mg N/kg solid applied in

four fractions nor by single midseason applications of 100 mg N/kg soil.

Only the highest rate of N employed (300 mg N/kg soil) at seeding sig-

nificantly increased fababean yield, the increase being 13.2%. They

also reported that fababeans were capable of fixing substantial amounts

of N after pod fill, amounting to a least 28% of the total seasonal

symbiotically fixed N. However, a significant linear inverse relation-

ship occurred between fertilizer N uptake and symbiotic N fixation.

Increasing quantities of fertilizer uptake into fababean tissues de-

creased plant N derived from fixation.



MATERIALS AND METHODS

Dry Bean genotypes used in this study were grown in a nursery during

the summer of 1978 at the Crops and Soil Science Research Farm, located

south of the Michigan State University Campus. Seeds were precision

drilled with a modified air planter into four row plots. Rows were

4.8 m long spaced 50.8 cms apart. Each row was planted with 48 seeds.

The design was a split-split plot with four replications.

The four planting dates - May 19, May 27, June 7 and June 15 - were

the whole plot treatments. The sub-plot treatments consisted of a

recommended rate of fertilizer (N, P, K) based on soil tests at planting

and a pdtassium and nitrogen ammendments applied at planting and at early

bloom, respectively. The sub-subplot treatments consisted of 12 dry bean

genotypes representing several commercial classes and were variable for

growth habit and maturity. A description of the genotypes used in this

study are as follows:

1. Black Turtle Soup: A black seeded commercial dry bean genotype

obtained from the Michigan Crop Improvement Association. Seed

was produced in Michigan during the 1977 crop year.

2. Rico—23: A bulked pure line black seeded accession similar to Black

Turtle Soup for seed and growth characters. Seed was maintained by

the Michigan Agricultural Experimental Station and was increased

by M. W. Adams during the 1977 crop year.

43
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. Ex-Rico-23: Bulked pure line accession maintained by the

Michigan Agricultural Experiment Station. This accession was

suspected by breeders to have arisen as a white seed coat

mutant from Rico-23. Seed was increased by M. W. Adams during

the 1977 crop year.

. Aurora: Small white seeded commercial variety obtained from

the William Muller and Sons Seed Company, Vassar, Michigan.

. Viva (Pink): Bulked pure line varietal material representative

of the Sutter's Pink Commercial class. Maintained by the USDA

Vegetable Crops Production Research Unit. Prosser, Washing-

ton. Seed was obtained from D. W. Burke and was increased

during the 1977 crop year.

. Viva (White): A white seeded mutant extracted from Viva (Pink).

Maintained by the USDA Vegetable Crops Production Research Unit.

Prosser, Washington. Seed was obtained from D. W. Burke and

was increased during the 1977 crop year. Viva (White) and

Viva (Pink) are isolines differing only in seed coat charac-

teristics. Comparisons should provide information on the effects

of seed coat color on seedling emergence and subsequent growth.

. Sanilac: Commercial certified seed of the navy class obtained

from the Michigan Crop Improvement Association. Seed was

produced in Michigan during the 1977 crop year.

. Seafarer: Commercial certified seeds of the navy class obtained

from the Michigan Crop Improvement Association. Seed was produced

in Michigan during the 1977 crop year, and is the earliest maturing

dry bean genotype.
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9. Tuscola: Commercial certified seed of the navy class obtained

from the Michigan Crop Improvement Association. Seed was pro-

duced in Michigan during the 1977 crop year.

10. Strain No. 20489: Commercial certified seed of the navy class

obtained from the Michigan Crop Improvement Association. Seed

was produced in Michigan during the 1977 crop year.

11. P.I. 165426 (White): A plant introduction characterized by

small, flat white seeds and maintained by the USDA, Vegetable

Production Research Unit, Prosser, Washington. This accession

is a Type IV (climbing type) with respect to growth habit.

Seeds were obtained from M. J. Silbernagle.

12. P.I. 165426 (Black): A plant introduction characterized by

small, flat black seeds and maintained by the USDA, Vegetable

Production Research Unit, Prosser, Washington. This accession

is a Type IV (climbing type) with respect to growth habit.

Seeds were obtained from M. J. Silbernagle. P.I. 165426

(Black) and P.I. 165426 (White) are isolines differing only

in seed coat color. Comparisons should provide information on

the effects of seed coat color on seedling emergence and sub-

sequent growth.

Prior to planting a herbicide mixture consisting of Lasso [2-chloro-

2', 6'-diethyl-N-(methoxymethyl) acetanilide] and Amiben [3-amino-2,5-

dichlero bezoic adic] was applied at the rate of 2.2 and 1.7 Kgs/ha

respectively. A mixed fertilizer consisting of 0-20-20 and NH4NO3

that yielded 45, 30, 30 Kgs/ha N, P205 and K20 respectively was applied

in rows at planting based on the soil test results of the composite sample
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obtained from the experimental site prior to planting. The chemical

analysis of composite soil sample showed 10 KgsNHa, 55 Kgs P205/Ha

and 134 Kgs KZO/Ha. The soil pH was 7.6

Since initial seed moisture content is known to effect seedling

emergence (Pollock, R005 and Manalo, 1969; R005 and Manalo, 1976) and

colored and white seed coats differ in their water absorption properties

(Wyatt, 1977) seeds were adjusted to 12 :_0.5% moisture content prior to

planting. Shortly before planting, seeds were treated with Hopkins

Bean Seed Protectant, a commercial seed treatment consisting of Captan,

Diazinon and Streptomycin Sulfate.

After planting 112.0 Kgs KZO/ha was applied through Muriate of Potash

in furrows along the rows in the sub-plots. This treatment was imposed

in view of the known favorable effect of potassium on stand establishment

under cold, wet soil conditions (Wang, Attoe and Truog, 1953). Also,

since the same plots were to receive additional nitrogen at flowering,

it was necessary to achieve a balance between nitrogen and potassium since

a higher rate of potassium is known to be essential with increasing

levels of nitrogen application. 112.0 KgsNha was applied in the form of

Urea in furrows along the rows when the plants were in the early bloom

stage.

After planting, plots were kept weed free with manual weeding as

required. No irrigation was provided at any stage. Immediately after

each planting the soil temperature at 10 cms was observed and recorded.

Daily soil temperatures were recorded for each plot until physiological

maturity. Data on daily air temperatures and rainfall were obtained from

the M.S.U. Experimental Farm Weather Sub Station. Data was taken on the

following characters:
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. Seedling emergence (%) - The number of seedling that emerged from

the center two rows were counted on the 7th and 14th day from each

planting and expressed as the percentage of planted seeds that

emerged during that period.

. Plant stand (%) - The number of plants that were present in a plot

28 days from each planting date. Data was taken from the two

center rows and expressed as percentage of planted seeds. This

character isheretofore referred to as population density.

. Preflowering phase - The number of days from planting until at

least 5% of the plants in the plot had one open flower.

. Physiological maturity - Number of days from planting until

approximately 90% of the pods and 80% of the leaves in a plot

turned yellow.

. Post flowering phase - Number of days from flowering to physiologi-

cal maturity.

. Plant height (cms) - Measured from the soil surface to the tip of

the main stem on 10 randomly selected plants from the two center

rows. Data was taken at flowering and at physiological maturity.

. Canopy width (cms) - Horizontal measurement across the row

when plants showed their maximum spread. Measurements were taken

on plants on which plant height data was taken. Canopy width

data was taken at flowering and physiological maturity.

. Biological yield (Qui/ha) - Total air dried weight of plants

manually harvested from a 4 meter length of each of the two center

rows in each plot. Measurement included roots, stems, pods and

leaves retained by the plants.
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. Seed yield (Qui/ha) - Total weight of clean seeds obtained from

plants harvested from a 4 meter length of the two center rows of

each plot. After threshing beans were sized using appropriate

metal sieves and were stored at room temperature until evaluated.

Number of nodes per plant - Average number of nodes counted on

l0 randomly harvested plants.

Pods/plant - Number of pods on plants harvested from l meter

length of the center rows divided by number of plants.

Seeds per pod - This character was measured on a meter length of

the center two rows. Data was obtained from the following

formula

Seed Yield x lOO

Seeds/pod = lOO Seed Weight Number of pods

  

Weight per lOO seeds (gms) - Average weight of two, l00 seed

samples of clean seed.

Harvest Index (%) - The ratio of economic yield to biological

yield and expressed as a percentage.

The plot means for all characters were subjected to analysis of

variance. Because of missing values in some parameters such as nodes per

plant, pods per plant, seeds per pod and weight per lOO seeds, data

analysis was carried out by method of unweighted means (Snedecor and

Cochran, l967) and mean separation was done by using the approximate

method (Steel and Torrie, l960).



RESULTS

SECTION I

SEEDLING EMERGENCE AND POPULATION DENSITY

Planting dates had a significant effect on the rate of seedling

emergence and population density of the twelve drybean genotypes tested.

Emergence data obtainedtwueweek from each planting date (Table l) revealed

that significantly more seedlings emerged in the June l5 planting followed

by the May 27th planting. The June 7 planting showed the lowest percen-

tage of seedling emergence of the four dates, but did not differ signifi-

cantly from May l9 planting. Emergence data obtained 2 weeks after each

planting date (Table 2) and stand establishment data (Table 3) obtained

four weeks after each dateshowed that the June l5 planting resulted in

significantly higher plantdensity per plot than the earlier dates, which

did not significantly differ from each other.

No significant effect of additional potassium application was detec-

ted on seedling emergence and population density.

Significant genotypic differences were noted on rate of seedling emer-

gence and population density per plot. With the exception of the white

seeded genotypes Aurora, Viva and P.I. l65426, colored seeded genotypes almost

always had significantly higher seedling emergence than the white seeded

genotypes one week after each planting date. (Table l). Viva (Pink)

and P.I. l65426 (Black) showed significantly greater seedling emergence

at the May l9 planting but did not differ significantly in the sub-

sequent planting dates.

Further observations on seedling emergence made two weeks after

each planting date (Table 2) with the goal to examine the competition

between early and late emergence showed that the June 7th planting had the

highest increase on percentage of seedling emergence after the second

49
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Table I. EFFECTS OF PLANTING DATES ON EMERGENCE OF DRY BEAN GENOTYPES

(% EMERGENCE AT 7th DAY FROM PLANTING).

:. PLANTING DATES
EA TYPE

G 0 S MAY I9 MAY 27 JUNE 7 JUNE 15 MEAN

Black Turtle Soup 45.2bc 47.7ab 26.0abcd 64.5ab 45.9bc

(q) (q) (p) (r)

Rico-23 39.0abc 49.4abc 23.5abc 76.2abcd 47.0bcd

(pq) (q) (p) (r)

Ex-Rico-23 3l.2ab 45.9a 22.labc 70.4abc 42.4ab

(pq) (q) (p) (r)

Aurora 33.lab 56.2abcd 45.7f 78.6bcd 53.4def

(p) (q) (no) (r)

Viva (Pink) 64.2d 68.2d 39.0def 69.2abc 60.2fg

(q) (q) (p) (q)

Viva (White) 50.2c 54.7abcd 30.9cde 73.6abcd 52.4cde

(q) (q) (p) (r)

Sanilac 32.6ab 46.4a 27.5abcde 63.8ab 42.6ab

(W) (q) (p) (r)

' Seafarer 28.5a 42.5a l3.9a 63.la 37.0a

(pq) (q) (p) (r)

Tuscola 33.6ab 49.9abc 30.5bcde 65.6ab 44.9b

(p) (q) (p) (r)

Strain No. 20489 3l.6ab 49.9abc l5.9ab 67.0ab 4l.lab

(90) (q) (p) (r)

P.I. 165426 (White) 49.6c 6l.6bcd 4l.4def 83.lcd 58.9ef

(W) (q) (p) (r)

P.I. 165426 (Black) 66.0d 63.4cd 50.7f 86.5d 66.79

(p) (p) (9) (<1)

MEAN 42.lpq 52.9qr 30.6p 7l.8r 48.9

Means followed by the same letter (a to g) in columns and (p to r)

in rows are not significantly different from each other by Duncan's

Multiple Range Test at 5% probability level.
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week following planting (32.2%) followed by the May l9 (l8.4%), May

27 (l4.2%) and the June l5 planting (8.8%). Careful examination of

the data reveals some interesting findings as to the way some genotypes

responded to the planting date treatments. Black Turtle Soup, Rico-23,

Ex-Rico-23, Aurora, Seafarer and Tuscola had more than 20% seedlings

to emerge two weeks after the May l9 planting while the other genotypes

received relatively lower seedlings during the same period. The same

genotypes showed a similar performance after two weeks from the May 27

planting. The magnitude of differences between emergence data obtained

one week from planting and after two weeks tended to become shortened

for each genotype.

Of interest, the June 7 planting had the greatest percentage of

seedlings to emerge after two weeks from planting. From l8 to 42.4%

additional seedlings emerged after two weeks from this planting date.

The differences were greater with large seeded than with small seeded

and medium seeded genotypes- Aurora, P.I. l65426 (White) and P.I. l65426

(Black). Although the percentage of additional seedlings emerged after

the second week from planting was considerably less with the June l5

planting large seeded genotypes appeared to have received more seedlings

than the small or medium seeded genotypes.

Seedling counts were recorded- after the fourth week from each

planting date to estimate the percent plant stand. While most of the

genotypes had some additional seedling emergence two weeks interval after

planting when compared to one week, no substantial gain in plant population

was observed 14th day from planting. (Table 3)

Comparison of genotypes across all dates revealed that almost all

genotypes had the lowest rate of seedling emergence one week after June 7
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Table 2. EFFECTS OF PLANTING DATES ON EMERGENCE OF DRY BEAN GENOTYPES

(% EMERGENCE AT l4th DAY FROM PLANTING)

 

GENOTYPES

PLANTING DATES
 

 

 

MAY l9 MAY 27 JUNE 7 JUNE l5 MEAN

Black Turtle Soup 69.l 66.7 6l.l 79.6 69.2c

Rico-23 62.7 67.7 64.4 82.5 69.9c

Ex-Rico-23 56.9 66.2 6l.2 82.5 66.7bc

Aurora 59.2 70.6 67.0 85.0 70.5c

Viva (Pink) 75.9 68.7 76.0 87.0 76.9de

Viva (White) 65.2 70.l 70.5 83.4 72.3cd

Sanilac 47.7 60.6 56.0 70.4 58.7a

Seafarer 5l.0 63.0 55.7 68.0 59.4a

Tuscola 54.5 65.6 52.2 75.6 62.0ab

Strain No. 20489 45.0 59.2 55.4 74.9 58.6a

P.I. l65426 (White) 6l.7 70.l 59.4 85.0 69.lc

P.I. l65426 (Black) 76.5 76.4 75.l 90.5 79.6e

MEAN 60.5p 67.lp 62.8p 80.6q 67.7

Means followed by the same letter (a to e) in columns and (p and q)

in rows are not significantly different from each other by Duncan's

Multiple Range Test at 5% probability level.
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planting while they showed highest emergence rate one week from June l5

planting. By the end of second week and fourth week from each planting.

no genotypes showed different patterns of seedling emergence and plant

stand when sown at the three earlier dates while those planted on

June l5 always excelled in seedling emergence and plant density per

plot.

When the data was averaged over all planting dates and fertility levels

and each genotype was considered individually Aurora, Viva (Pink), P.I.

l65426 (Black) and P.I. l65426 (White) had significantly greater seedling

emergence than other genotypes one week after planting date. Black

Turtle Soup and Rico-23 showed significantly lower rate of seedling

emergence than those genotypes, but showed higher rate of seedling emer-

gence than the white seeded genotypes. The colored seeded isolines had

significantly higher emergence percentage than their white seeded counter-

parts. Emergence data obtained 2 weeks from each planting date showed

that Sanilac, Seafarer, Tuscola and Strain No. 20489 had significnalty

lower emergence rate than other genotypes. Also, P.I. l65426 (White)

showed significantly lower seedling emergence than its colored seeded

counterpart, while Viva (White) did not differ significantly from its

pink seeded counterpart. White seeded genotypes Ex-Rico-23, Aurora,

Viva and P.I. l65426 showed a relatively higher percentage of seedling

emergence after two weeks from planting. The performance of these

entries were comparable to Black Turtle Soup and Rico-23.

Data on stand establishment (Table 3) showed that Sanilac, Seafarer,

Tuscola and Strain No. 20489 were consistently inferior to the other

genotypes. The white seeded entries Aurora, Ex-Rico—23 and Viva and P.I.

l65426 showed considerably greater plant stands than the other white
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Table 3. EFFECTS OF PLANTING DATES ON PLANT STAND 0F DRY BEAN GENO-

TYPES. (% PLANT STAND AT 4TH WEEK FROM PLANTING).

 

PLANTING DATES
 

 

 

GENOTYPES MAY 19 MAY 27 JUNE 7 JUNE 15 MEAN

Black Turtle SOUp 7l.6 74.5 69.3 82.9 74.6bc

Rico-23 66.3 70.7 72.5 82.5 73.0bc

Ex-Rico-23 6l.7 67.6 68.7 83.0 70.3b

Aurora 71.2 71.1 72.6 87.0 75.6bc

Viva (Pink) 80.2 79.5 85.0 91.0 83.9d

Viva (White) 65.2 77.9 76.9 89.0 77.3c

Sanilac 47.7 60.6 57.9 77.6 60.9a

Seafarer 51.0 63.0 57.8 73.8 61.48

Tuscola 54.5 66.7 58.3 76.3 63.9a

Strain No. 20489 45.0 65.1 57.5 77.8 6l.4a

P.I. 165426 (White) 63.3 79.0 65.5 89.3 74.3bc

P.I. l65426 (Black) 76.8 81.0 84.9 92.7 ‘ 83.5d

MEAN 62.9P 71.4p 68.9p 83.6q 71.7

Means followed by the letter (a to d) in columns and (p and q) in

rows are not significantly different from each other by Duncan's

Multiple Range Test at 5% probability level.
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seeded genotypes and were comparable to Black Turtle Soup and Rico-23.

However, when the colored seeded isolines were considered as a group,

they had significantly higher plant stands than their white seeded

counterparts. (Fig. 4A, B, C).

Significant planting date x genotype interaction was noted only for

seedling emergence at the 7th day from each planting. This appears to

have resulted primarily from the changed ranking of dry bean genotypes

planted on June 7th. No significant planting date x fertility levels

and genotypes x fertility levels interactions were noted for any para-

meter concerning population density and seedling emergence.

The second order interaction of planting dates x genotypes x fer-

tility levels was significant only for seedling emergence at the 7th

day from planting. It may have resulted from the greater seedling

emergence rate shown by some genotypes at the high fertility levels and

at certain planting dates. For example, Viva (Pink) at the May 19

planting and Ex-Rico-23, Viva (Pink), Sanilac and Seafarer at the May

27 planting. (Figure 3A, 38, 3C, 3D, 3E, and 3F).



SECTION II

VEGETATIVE GROWTH AND DEVELOPMENT

Planting dates had a significant affect on all the parameters

pertaining the growth and development of the twelve dry bean genotypes

included in this study. Plant height and canopy width, at flowering and

at physiological maturity, nodes per plant and the preflowering phase

tended to decline significantly at the June plantings. No significant

effect of additional fertilizer application could be detected for any of

these growth and development characters.

Entries planted at the earlier dates were significantly taller both

at flowering and at physiological maturity than those planted later. They

also had greater canopy width at both stages of interest, had more nodes

per plant, and longer preflowering phase at the two earlier plantings

than at the two later planting dates.

Significant genotypic differences were observed on the growth and

development characters of the l2 dry bean genotypes included in this study.

Also, significant planting date x genotype interactions were detected

for all the characters.

Regarding plant height, at the June 7th planting the white seeded

genotypes had significantly greater plant height than the black seeded

genotypes at flowering. However no consistent plant height pattern

between black and white seeded genotypes could be observed at the other

planting dates (Table 4). Careful inspection of the data did show a

trend favorihg taller plants of white seeded genotypes at flowering

than that of black seeded genotypes. These differences were not as

apparent at physiological maturity because black seeded genotypes had

significantly greater plant height than the white seeded genotypes.
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Tasle 4. EFFECTS OF PLANTING DATES 0N PLANT HEIGHT (IN CMS.) AT

FLOWERING 0F DRY BEAN GENOTYPES

.-_. PLANTING DATES

GEJU|(PE5 MAY l9 MAY 27 JUNE 7 JUNE l5 MEANS

Black Turtle Soup 28.2cde 24.la 22.8ab 20.3a 23.8a

(9) (DA) (9) (1:)

Rico—23 23.9abc 25.9a l9.4a 20.6a 22.48

(pg) (9) \p) (p)

Ex-Rico-23 2l.0a 25.la 23.3abc 2l.lab 22.6a

\p) (p) (p) (9)

Aurora 30.6de 33.5cd 27.4bcd 28.0de 29.9c

(ml (9) (p) (13)

Viva (Pink) 37.3f 36.ld 30.2de 28.6de 33.0d

(P) (9) (p) (1))

Viva (White) 38.lf 33.6cd 32.8e 29.8e 33.ld

(q) (99) (99) (p)

Sanilac 28.7cde 33.7cd 28.4de 26.9cde 29.4c

(p) (q) (p) (p)

Seafarer 28.lcde 27.7ab 27.9cde 22.5abc 26.55

(<1) (9) (q) ('13)

Tuscola 3l.2e 33.7cd 27.9cde 24.0abcd 29.2c

(91‘) (r) (pg) (9)

Strain No. 20489 27.5cde 30.7bc 29.8de 25.7bcde 28.4bc

(199) (q) (99) (p)

P.I. l65426 (White) 22.5ab 22.9a 2l.4a l9.5a 2l.6a

(p) (p) (p) (p)

P.I. l65426 (Black) 26.lbcd 25.7a 2l.9a 2l.0ab 23.7a

(q) (119) (ml (9)

MEANS 28.4q 29.4q 26.lpq 24.0p 26.9

Means followed by the same letter (a to f) in columns and (p to r) in

rows are not significantly different from each other by Duncan's Multi-

ple Range Test at 5% probability level.
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Table 5. EFFECTS OF PLANTING DATES 0N PLANT HEIGHT (IN CMS) AT

PHYSIOLOGICAL MATURITY 0F DRY BEAN GENOTYPES.

. PLANTING DATES

GENOTYPES MAY 19 MAY 27 JUNE 7 JUNE 15 MEAN

Black Turtle Soup 46.8de 48.3d 4l.3de 36.3bc 43.2d

(q) (q) (p) (p)

Rico-23 49.2e 43.5bcd 42.5e 35.8bc 42.7d

(r) (q) (q) (p)

Ex-Rico-23 38.5bc 39.9b 36.9cd 34.8bc 37.56c

(p) (p) (p) (p)

Aurora 40.lbc 40.8bc 36.6cd 32.2b 37.4bc

(q) (q) (99) (9)

Viva (Pink) 47.9de 45.8cd 40.9de 38.8c 42.ld

(r) (qr) (P9) (9)

Viva (White) 46.3de 42.4bc 39.5de 37.lbc 4l.3d

(r) (qr) (94) (P)

Sanilac 38.7bc 4l.3bc 40.0de 3l.9b 37.9bc

(q) (q) (q) (p)

Seafarer 35.9b 39.2b 33.0bc 36.8bc 36.2b

(99) (q) (p) (99)

Tuscola 38.0bc 42.9bc 38.8de 36.2bc 38.9c

(99) (q) (pq) (9)

Strain No. 20489 36.06 40.6bc 39.0de 32.46 37.0bc

(Pq) (q) (q) (p)

P.I. l65426 (White) 29.5a 32.4a 27.0a 25.4a 28.8a

(99) (q) (p) (p)

P.I. 165426 (Black) 30.6a 33.0a 29.0ab 25.2a 29.4a

(q) (q) (99) (p)

MEANS 39.4q 40.8q 37.0pq 33.5p 37.7

Means followed by the same letter (a to e) in columns and (p to r) in

are not significantly different from each other by Duncan's Multiple

Range Test at 5% probability level.

FONS



 

  

 

Table 6. EFFECTS OF FERTILITY LEVELS ON PLANT HEIGHT (IN CMS)

PHYSIOLOGICAL MATURITY OF DRY BEAN GENOTYPES.

 

FERTILITY LEVELS

 

GENOTYPES LOW HIGH L.S.D. (.05)

Black Turtle Soup 42.1 44.3 n.s.

Rico-23 36.5 48.9 3.5

Ex-Rico-23 32.4 43.l 3.5

Aurora 36.5 38.3 n.s.

Viva (Pink) 38.4 45.5 3.5

Viva (White) 36.9 45.7 3.5

Sanilac 36.4 39.4 n.s-

Seafarer 35.8 36.6 n.s.

Tuscola 37.8 40.0 n.s.

Stain No. 20489 36.5 37.5 n.s.

P.I. l65426 (White) 30.l 27.5 n.s.

P.I. l65426 (Black) 28.9 29.9 n.s.

 

MEAN 35.8 39.6
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at the two early plantings while the pattern was less clear in the June

7th planting and completely disappeared at the June l5th planting.

(Table 5). The two pairs of isolines included in this study were

exceptional since no Significant difference between their plant height

was observed at any planting date.

Ex-Rico-23 and P.I. l65426 (White) did not Show significant

change in plant height due to variation in sowing date. 0n the other

had, Ex-Rico-23 was the only genotype which did not Show significant

change in plant height at physiological maturity due to variation in

planting date. Although, most genotypes showed significantly decreased

plant height at both stages of interest when planted after the May

27th.

When the data was averaged over all dates and fertility levels

P.I. l65426 (White) was shortest at both stages of interest while

Viva (White) was the tallest at flowering and Black Turtle Soup tallest

at physiological maturity. Except for the two pairs of isolines

included in this study, white seeded genotypes had significantly greater

plant height than black seeded genotypes at flowering but the black

seeded genotypes showed significantly greater plant height than the white

seeded lines at physiological maturity.

Regarding canopy width, there was a trend towards narrower canopy

width with each successive date after May 27 at both stages of interest

(Table 7,8). Significant planting dates x genotype interactions were

detected both at flowering and physiological maturity. Comparison of

genotypes averaged across all dates showed that Ex-Rico-23, Viva(White)

and Strain No. 20489 were not significantly different in their canopy

width at flowering due to variation in planting dates while Rico-23,
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Table 7. EFFECTS OF PLANTING DATES ON CANOPY WIDTH (IN CMS) AT

FLOWERING OF DRY BEAN GENOTYPES.

PLANTING DATES

GENOTYPES MAY 19 MAY 27 JUNE 7 JUNE 15 MEAN

Black Turtle Soup 42.9d 40.6bc 38.3bc 35.8bcd 39.4c

(q) (q) (pq) (p)

Rico-23 40.0cd 40.1abc 36.8abc 32.9abc 37.4bc

(9) (<1) (99) (p)

Ex-Rico-23 37.0bc 40.9bc 38.1bc 38.9d 38.7c

(p) (p) (p) (9)

Aurora 39.4bcd 41.9bc 41.1c 34.2abcd 39.1c

(q) (q) (q) (9)

Viva (Pink) 41.4cd 41.1bc 40.8c 35.5bcd 39.7c

(q) (q) (q) (19)

Viva (White) 39.8cd 40.9bc 39.3c 36.9cd 39.2c

(p) (p) (p) (p)

Sanilac 31.6a 38.3abc 34.4ab 31.lab 33.8a

(1)) (<1) (99) (p)

Seafarer 38.56cd 37.3ab 33.0a 30.3a 34.8a

(r) (qr) (m) (p)

Tuscola 37.3bc 41.2bc 37.0abc 33.6abc 37.3bc

(p9) (9) (pg) (P)

Strain No. 20489 34.8ab 35.6a 36.6abc 34.2abcd 35.3ab

(P) (p) (p) (p)

P.I. 165426 (White) 40.3cd 42.6c 39.4c 35.labcd 39.3c

(q) (q) (99) (p)

P.I. 165426 (Black) 39.7cd 39.4abc 37.1abc 33.3abc 37.4bc

(9) (q) (94) (p)

MEANS 38.5pq 39.9q 37.6pq 34.3p 37.6

Means followed by the same letter (a to d) in columns and (p to r) in

rows are not significantly different from each other by Duncan's

Multiple Range Test at 5% probability level.
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Table 8. EFFECTS OF PLANTING DATES ON CANOPY WIDTH (IN CMS.) AT

PHYSIOLOGICAL MATURITY OF DRY BEAN GENOTYPES.

_ PLANTING DATES

GENOTYPES MAY l9 MAY 27 JUNE 7 JUNE 15 MEANS

Black Turtle Soup 52.60 49.9abc 46.9ab 43.0abcd 48.1cde

(r) (qr) (Pq) (P)

Rico-23 48.4ab 48.5abc 47.1ab 44.lbcd 47.0abcde

(P) (P) (P) (P)

Ex-Rico-23 49.3ab 50.3bc 45.1ab 44.2bcd 47.26cde

(qr) (r) (P9) (P)

Aurora 49.3ab 52.1c 45.3ab 38.7a 46.3abc

(qr) (r) (9) (P)

Viva (Pink) 48.7ab 48.7abc 44.9ab 43.6abcd 46.5abcd

(q) (9) (P9) (P)

Viva (White) 47.9ab 49.3abc 46.4ab 41.8abc 46.3abc

(q) (9) (P4) (P)

Sanilac 46.6a 45.2a 48.7b 39.7ab 45.0ab

(q) (q) (9) (P)

Seafarer 48.4ab 45.9ab 42.5a 41.6abc 44.6a

(9) (P9) (P) (P)

Tuscola 48.2ab 50.7bc 47.66 45.5cd 48.0cde

(P9) (4) (P4) (P)

Strain No. 20489 49.1ab 47.2abc 46.5ab 41.2abc 46.0abc

(q) (q) (4) (P)

P.I. 165426 (White) 49.8ab 50.labc 49.4b 46.8d 49.0e

(P) (P) (P) (P)

P.I. 165426 (Black) 49.1ab 50.9bc 48.7b 47.2d 48.9de

(P) (P) (P) (P0

MEANS 48.9q 49.lq 46.6pq 43.1p 46.9

Means followed by the same letter (a to e) in columns and (p to r) in

rows are not significantly different from each other by Duncan's

Multiple Range Test at 5% probability level.
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P.I. l65426 (Black) and P.I. l65426 (White) did not Show significant

difference in canopy width at physiological maturity due to variation in

sowing date. No consistent pattern of differences could be observed

between the canopy width of black and white seeded genotypes. Also, the

two pairs of isolines did not Show significant differences in canopy width

between their counterparts at both stages of interest due to variation

in sowing date.

Data averaged over all planting dates and fertility levels showed

Sanilac to have the narrowest and Viva (Pink) the greatest canopy width

at flowering while Seafarer had the narrowest and P.I. l65426 (White)

had the greatest canopy width at physiological maturity.

Genotypes planted at the two earlier plantings had significantly

higher number of nodes per plant, while those planted at June 15 had the

least number of nodes perplant. Except finthI. l65426 (Black) which had

significantly higher number of nodes per plant at May 27 planting than

the earliest planting and Rico-23 which did not Show any significant

differences for nodes per plant due to variation in sowing dates, no

significant differences were observed on number of nodes per plant of

other genotypes between the two early plantings. Viva (Pink) had signifi-

cantly greater number of nodes per plant than its white seeded counterpart

at the two earlier plantings. Most genotypes exhibited significantly

lower number of nodes per plant when sown in June. Although no distinct

pattern could be observed between colored and white seeded genotypes, Viva

(Pink) and P.I. l65426 (Black) along with their white seeded counterparts

had significantly greater number of nodes per plant than the other geno-

types at each planting date. (Table 9).

Averaged over all planting dates and fertility levels, Ex-Rico-23

had the lowest number of nodes per plant while Viva (Pink) had the highest



64

Table 9. EFFECTS OF PLANTING DATES ON NUMBER OF NODES PER PLANT OF

DRY BEAN GENOTYPES. .

 

PLANTING DATES
 

 

 

GENOTYPES MAY 19 MAY 27 JUNE 7 JUNE 15 MEAN

Black Turtle Soup l7.9a 20.2ab 15.4ab 14.9a 17 labc

(P9) (9) (P) (P)

Rico-23 18.9a 17.9a 20.7c 20.9c 19.6e

(P) (P) (P) (P)

Ex-Rico-23 18.2a 18.8ab 12.4a 12.8a 15.6a

(q) (9) (P) (P)

Aurora l8.68 17.4a 15.6ab 13.5a 16.2ab

(r) (qr) (Pq) (P)

Viva (Pink) 37.9d 38.4d 23.4cd 22.2c 30.59

(9) (9) (P) (P)

Viva (White) 32.5c 34.4c 22.4cd 24 8c 28.5f

(q) (9) (P) (P)

Sanilac 25.26 19.lab 16.96 l5.6a 19.2de

(9) (P) (P) (P)

Seafarer 21.5a 17.3a 15.3ab 14.0a l7.0abc

(9) (P) (P) (P)

Tuscola 19.6a 20.6ab 16.7b 13.5a 17.6de

(q) (9) (P9) (P)

Strain No. 20489 20.6a 21.96 16.0ab 16.3ab 18.7cde

(q) (9) (P) (P)

P.I. l65426 (White) 37.1c 40.0d 25.7a 19.8bc 29.4fg

(r) (r) (9) (P)

P.I. 165426 (Black) 34.6cd 39.8d 24.0d 20.6c 29.7fg

(q) (r) (P) (P)

MEAN 24.8r 25.5r 18.7q 17.46 21.6

Means followed by the same letter (a to g) in columns and (p to r) in

rows are not significantly different from each other by Duncan 5

Multiple Range Test at 5% probability level.



65

white seeded counterpart.

Entries planted on May 19 had the longest period from planting to

flowering while the June 15 planting had the Shortest period. However,

genotypes planted on June 7 took one day longer from planting to bloom

than those planted on May 27. (Table 10).

The earliest planting resulted in the longest preflowering phase

of each genotype which spent more than 50% of their life cycle in the

vegetative phase, which was most pronounced in Black Turtle Soup, Rico-

23, Sanilac and Strain No. 20489. The same genotypes spent more than

50% of their life cycle in vegetative phase when sown on May 27 while

other genotypes had shorter vegetative phase than reproductive phase.

In the 7th June planting, Black Turtle Soup, Rico-23, Viva (Pink), Viva

(White), Sanilac, Seafarer, Tuscola and Strain No. 20489 spent more than

50% of their life cycle in vegetative phase while Ex-Rico-23 had shorter

vegetative phase and Aurora had exactly 50% of the life cycle in vegetative

phase. Except for Seafarer which spent exactly 50% of its life cycle in

the vegetative phase, the June 15 planting resulted in all genotypes

Spending less than half their life cycle in the vegetative phase.

When the data was averaged across planting dates, genotypic

comparison revealed the following four patterns, despite the trend

towards a reduced preflowering period with delay of planting. Black

Turtle Soup was the only genotype which did not show significant difference

in the preflowering phase at the two intermediate plantings. Rico-23,

Ex-Rico-23, Aurora, Viva (Pink) and Seafarer showed significantly longer

preflowering phase at June 7 planting than at the May 27 planting. While

Viva (White) and P.I. l65426 (Black) did not significantly differ in

their preflowering phase at May 19 and June 7 planting, Sanilac Tuscola,
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Table 10. EFFECTS OF PLANTING DATES ON FLOWERING (IN DAYS) OF DRY

BEAN GENOTYPES.

 

PLANTING DATES
 

 

 

GENOTYPES MAY l9 MAY 27 JUNE 7 JUNE T"’ MEAN

Black Turtle Soup 50.0d 47.0f 46.0e 42.0d 46.0e

(r) (q) (9) (P)

Rico-23 50.0d 46.0ef 47.0f 43.0d 46.0e

(s) (q) (r) (P)

Ex-Rico-23 42.0ab 38.06 41.06 35.0a 39.06

(s) (q) (r) (P)

Aurora 42.0ab 39.0b 40.06 36.0a 39.0b

(s) (q) (r) (P)

Viva (Pink) 42.0ab 38.0b 41.0c 36.0a 39.0b

(s) (q) (r) (P)

Viva (White) 41.0a 38.0b 41.0c 36.0a 39.06

(r) (q) (r) (P)

Sanilac 47.0c 46.0e 43.0d 38.0c 43.0d

(s) (r) (9) (P)

Seafarer 41.0a 37.0a 39.0a 36.0a 38.0a

(S) (q) (r) (P)

Tuscola 47.0c 44.0d 43.0d 38.0c 43.0d

(S) (r) (9) (P)

Strain No. 20489 46.0c 45.0e 43.0d 38.0c

(s) (r) (q) (p) 43.0d

P.I. 165426 (White) 42.06 39.0c 41.0c 37.06 40.0C

(S) (r) (a) (P)

P.I. 165426 (Black) 42.0ab 39.00 42.0; 37.06 40.0c

(r) (q) (r) (P)

MEAN 44.05 41 09 42.0r 38.Cp

Means followed by the same letter (a to f) in columns and (p to s) in

rows are not significantly different from each other by Duncan's

Multiple Range Test at 5% probability level.
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Strain No. 20489 and P.I. 165426 (White) exhibited significantly reduced

preflowering phase with successive delay in planting.

The two black seeded genotypes Black Turtle Soup and Rico-23

Showed significantly longer preflowering phase than the rest of genotypes

at each planting date. Regarding the two pairs of isolines included in

the study, no significant differences between the preflowering phase of

the colored and white seeded counterparts could be detected.

When averaged over all planting dates and fertility levels, Black

Turtle Soup, Rico-23, Sanilac, Tuscola and Strain No. 20489 showed more

than 50% of their life cycle in the vegetative stage, while the other

genotypes Spent 50% of less of their life cycle growing vegetatively,

Seafarer had the shortest period from planting to flowering while

Black Turtle Soup and Rico-23 both black seeded genotypes had the

longest preflowering phase.

Except for plant height at physiological maturity, no interaction

involving fertility levels was significant for any growth and development

characters of dry bean genotypes included in this study. Significant

genotypes x fertility levels interaction was detected for plant height

at physiological maturity. Rico-23, Ex-Rico-23, Viva (Pink) and Viva

(White) showed significantly greater plant height with additional

fertilizer application (Table 6).



SECTION III

PHYSIOLOGICAL MATURITY AND YIELD

The dates of planting had a Significant effect on postflowering

period, biological yield, seed yield and harvest index of the dry bean

genotypes included in the study.

The May 19 planting resulted in the shortest postflowering period

while the May 27 planting showed the longest postflowering period.

(Table 11). The two Nay plantings had significantly higher biological

yield than the two later plants. (Table 12). Highest seed yields were

obtained from the May 27 planting followed by the May l9 planting and

the two June plantings. (Table 13). Harvest Index was highest at the

May 27 planting and lowest at the June 7 planting (Table 14).

No Significant effect of additional fertilizer application was

detected in any of these parameters. Significant genotypic differences

were observed. Also, significant planting date x genotype interactions

were noted for all the characters.

When the genotypes were compared acorss planting dates, Black Turtle

Soup showed significantly longer postflowering period with successive

delay in planting while Rico-23 did not significantly differ in post-

flowering period between the two later planting dates. Except for

Sanilac and Strain No. 20489 which exhibited the longest postflowering

period at the June 15 planting, all other genotypes had the longest

postflowering period at May 27th planting. Although no consistent

pattern of differences emerged between the colored and white seeded

genotypes, P.I. 165426 (white) showed significantly longer postflowering
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Table ll. EFFECTS OF PLANTING DATES ON POSTFLOWERING PERIOD (IN DAYS)

OF DRY BEAN GENOTYPES.

PLANTING DATES

GENOTYPES MAY 19 MAY 27 JUNE T JUNE 15 lEAN

Black Turtle Soup 34.0ab 39.08 41.0c 45.0e 40.0c

(P) (9) (r) (S)

Rico-23 32.08 4l.Obc 44.0d 45.0e 41.0d

(P) (9) (r) (r)

Ex-RiC0-23 36.9bcd 47.0d 44.0d 43.0de 42.0e

(P) (r) (9) (C1)

Aurora 37.0Cd 46.0d 40.0bc 41.0bcd 41.0d

(P) (r) (q) (9)

Viva (Pink) 37.0Cd 45.9d 38.0ab 43.0cde 4l.Od

(P) (r) (P) (9)

Viva (White) 37.0cd 46.0d 38.0ab 43.0cde 41.0d

(P) (r) (P) (9)

Sanilac 35.0bc 39.0a 38.0ab 41.0bcd 38.0b

(P) (C1) (9) (r)

'Seafarer 33.0ab 43.0c 37.0a 36.0a 37.0a

(P) (r) (q) (q)

Tuscola 35.0bc 43.0c 41.0c 40.0bc 40.0c

(P) (r) (q) (q)

Strainlk).20489 38.0d 40.0ab 39.0abc 43.0cde 40.0C

(P) (9) (P9) (r)

P.I. l65426 (White) 35.0ab 45.0d 38.0ab 42.0cd 40.0c

(P) (S) (<1) (r)

P.I. 165426 (Black) 34.0ab 42.0c 38.0ab 39.0b 38.0b

(P) (S) (q) (r)

MEAN 35.00 43.0r 40.0p 42.0q 40.0

Means followed by the same letter (a to e) in columns and (p to s) in

rows are not significantly different from each other by Duncan's

Multiple Range Test at 5% probability level.
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period than its black seeded counterpart only at the second and the last

planting. When the data was averaged over all planting dates and fer-

tility levels, Seafarershowedthe shortest postflowering period while

Ex-Rico-23 had the longest postflowering period. (Table 11).

Regarding biological yield, (Table 12) comparison of genotypes

across all planting dates Showed the highest biological yield of each

genotype was associated with either of the two May plantings while most

genotypes exhibited the lowest biological yield at the last plantings.

Black Turtle Soup, Aurora, Sanilac, Seafarer and P.I. l65426 (White)

displayed lower biological yield with progressive delay in planting

while Rico-23, Viva (Pink), Viva (White), Tuscola, Strain No. 20489 and

P.I. l65426 (Black) showed highest biological yield when sown on May 27

followed by the May 19, June 7 and June 15 plantings. Though Ex-Rico-23

showed the same trend, it exhibited a small but nonsignificant increase

in biological yield at June 15th planting than at June 7 planting.

No consistent pattern of differences emerged between the black and

white seeded genotypes at any planting date except that Viva (Pink)

showed significantly higher biological yield at the two early plantings

than its white seeded counterpart (Table 12). Averaged over all plan-

ting dates and fertility levels Aurora and Sanilac showed the lowest

biological yield while Viva (Pink) showed the highest biological yield.

With the exception of Black Turtle Soup, which Showed progressive

decline in seed yield with each successive dalay in planting, all other

genotypes showed highest seed yields at the May 27 planting followed

by the earliest planting. (Table 13). Ex-Rico-23, Viva (White) and

P.I. l65426 (Black) showed slightly increased but nonsignificant increase

in seed yields when sown on June 15 than when sown on June 7 and P.I.
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Table 12. EFFECTS OF PLANTING DATES 0N BIOLOGICAL YIELD (IN QUNITALS/

HA) 0F DRY BEAN GENOTYPES.

PLANTING DATES

GENOTYPES MAY 19 MAY 27 JUNE 7 JUNE 15 MEAN

Black Turtle Soup 83.88bc 73.4abc 55.7ab 44.7ab 64.4ab

(q) (9) (P) (P)

Rico-23 70.6a 92.5e 62.4abc 47.6abc 68.3bc

(q) (r) (Pq) (P)

Ex-Rico-23 73.7a6 80.4bcde 51.68b 54.9abcd 65.18b

(q) (9) (P) (P)

Aurora 79.08b 60.98 49.58 40.18b 57.48

(r) (q) (9) (P)

Viva (Pink) 98.6c 112.7f 81.2d 65.7d 89.6d

(r) (r) (Pg) (P)

Viva (White) 73.9ab 90.4cde 76.0cd 62.7cd 75.8c

(P9) (9) (P) (P)

Sanilac 70.28 68.ab 55.28b 37.38 57.98

(9) (q) (9) (P)

Seafarer 86.88bc 69.6ab 46.38 45.6abc 62.08b

(r) (9) (P) (P)

Tuscola 87.7abc 91.28e 51.4ab 44.4ab 68.7bc

(q) (9) (P) (P)

Strain No. 20489 69.98 74.58de 57.48b 47.98bc 62.4ab

(qr) (r) (9) (P)

P.I. 165426 (White) 89.8bc 85.9bcde 67.8bcd 57.1bcd 75.2c

(q) (9) (Pg) (P)

P.I. l65426 (Black) 80.88b 89.3cde 67.8bcd 57.6bcd 73.9c

(qr) (r) (P9) (P)

MEAN 80.4q 82.5q 60.2p 50.56 70,9

Means followed by the same letter (a to f) in columns and (p to r) in

rows are not significantly different from each other by Duncan's

Multiple Range Test at 5% probability level.
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Table 13. EFFECTS OF PLANTING DATES ON SEED YIELD (IN QUINTALS/HA)

OF DRY BEAN GENOTYPES.

PLANTING DATES

GENOTYPES MAY 19 MAY 27 JUNE 7 JUNE 15 MEAN

Black Turtle Soup 29.9cd 27.38b 16.7b 16.6bcd 22.6b

(q) (9) (P) (P)

Rico-23 25.98bcd 32.9bcd 20 0bc 18.9cde 24.5bc

(q) (r) (P) (P)

Ex-Rico-23 29.2bcd 35.2cd 19.9bc 23.Zef 26.9cd

(q) (r) (P) (P)

Aurora 23.98b 26.98 8.38 7.48 16.68

(9) (9) (P) (P)

Viva (pink) 35.5e 36.ld 32.3e 31.9h 33.9e

(P) (P) (P) (P)

Viva (White) 3l.2de 35.4cd 29 2de 30.29h 31.5e

(P9) (9) (P) (P)

Sanilac 27.28bcd 29.58bc 23.4c l4.9bcd 23.7b

(qr) (r) (9) (P)

Seafarer 23.08 32.6abcd 21.4bc 13.8bc 22.7b

(q) (r) (9) (P)

Tuscola 29.3bcd 31.7abcd 15.6b 11.3ab 21.9b

(q) (9) (P) (P)

Strain No. 20489 24.58bc 31.28bcd 19.9bc 17.9cde 23.4b

(q) (r) (P9) (P)

P.I. l65426 (White) 24.9abc 32.7abcd 20.0bc 20.0de 24.4bc

(q) (r) (P) (P)

P.I. 165426 (Black) 24.38bc 35.1cd 25.3cd 25.7fg 27.6d

(P) (9) (P) (P)

MEAN 27.4q 32.2r 21.0p l9.3p 24,9

Means followed by the same letter (a to h) in columns and (p to r)

in rows are not significantly different from each other by Duncan's

Multiple Range Test at 5% probability level.
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165426 (White) was stable. The other genotypes showed progressive

decline in seed yields with delay in planting after May 27. (Figures

5A, B, C).

Though no consistent pattern of differences emerged between the

seed yields of colored and white seeded genotypes at any planting date,

P.I. l65426 (Black) showed significantly higher seed yields than its

white seeded counterpart at the June 15 planting. Viva (Pink) was the

only genotype which did not show significant difference in seed yields

across planting dates. Aurora showed dramatic decrease in seed yields

when planted in June.

When the data was averaged over all planting dates and fertility

levels, Aurora was the lowest yielding genotype while Viva (Pink) was

the highest yielder. When considered as a group, colored seeded geno-

types showed higher seed yields than white seeded genotypes, though they

were statistically nonsignificantly higher seed yields than its white

seeded counterpart.

Harvest indices (Table 14) were determined to examine the efficiency

of partitioning of photosynthate between vegetative and reproductive

organs of dry bean genotypes when sown at different dates. Rico-23, Ex-

Rico-23, Sanilac and Strain No. 20489 did not reveal significant change

in harvest indices due to variation in sowing date suggesting that

decline in seed yields of these genotypes paralleled with decline in

biological yield. The highest harvest indices of most genotypes Ex-

Rico-23, Aurora, Sanilac, Seafarer, Strain No. 20489 and P.I. 165426

(White) were associated with the May 27 planting while Viva (Pink),

Viva (White) and P.I. 165426 (Black) showed maximum harvest index at
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Table 14. EFFECTS OF PLANTING DATES 0N HARVEST INDEX (%) 0F DRY BEAN

GENOTYPES.

PLANTING DATES

GENOTYPES MAY 19 MAY 27 JUNE 7 JUNE 15 MEAN

Black Turtle Soup 37.5cd 36.7ab 30.4bcd 38.8cd 35.8cd

(q) (9) (P) (9)

Rico-23 37.6cd 37.28b 33.5bcde 39.7Cde 36.9cde

(P) (P) (P) (P)

Ex-Rico-23 4l.3d 44.6bc 38.8defg 41.7def 41.6fg

(P) (P) (P) (P)

Aurora 31.7abc 43.6abc 17.58 18.68 27.88

(9) (r) (P) (P)

Viva (Pink) 38.8cd 36.08b 40.3efg 48.9f 41.0efg

(P) (P) (P) (9)

Viva (White) 43.0d 41.9abc 38.8defg 48.3ef 43.09

(P9) (P9) (P) (9)

Sanilac 40.9d 42.6abc 42.5fg 39.8cde 41.5fg

(P) (P) (P) (P)

Seafarer 27.58 47.1c 45.89 31.2bc 37.9cdef

(P) (9) (9) (P)

Tuscola 35.58de 35.38 27.5b 24.28b 30.68b

(q) (9) (P) (P)

Strain No. 20489 36.3de 41.58bc 35.2bcdef 38.4cd 37.8cdef

(P) (P) (P) (P)

P.I. 165426 (White) 28.4ab 39.7abc 29.6bc 36.5cd 33.6bc

(P) (9) (P) (9)

P.I. 165426 (Black) 30.88bc 40.88bc 38.0cdefg 44.3def 38.5def

(P) (9) (q) (q)

MEAN 35.8 40.6 34.8 37.5

Means followed by the same letter (a to g) in columns and (p to r) in

rows are not significantly different from each other by Duncan's

Multiple Range Test at 5% probability level.
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the June 15 planting. Tuscola was the only genotype with highest

harvest index at the earliest planting while Viva (Pink) was the only

genotype with lowest harvest index at the May 27 planting.

The lowest harvest indices of Black Turtle Soup, Rico-23, Ex-Rico-23,

Aurora, Viva (White), Strain No. 20489 and P.I. l65426 (White) were

associated with the June 7 planting. Sanilac and Tuscola exhibited

lowest harvest index at the last planting while that of Seafarer and

P.I. l65426 (Black) were associated with the earliest planting.

Figures 6A, B, C show the pattern of change in harvest indices of

each genotypes planted at different dates. No consistent pattern of

differences emerged between the harvest indices of colored and white

seeded genotypes at any date. Also, the two pairs of isolines did not

show significant differences in their harvest indices, though colored

seeded lines tended to have higher values than their white seeded coun-

terparts in some cases.

Data averaged over all planting dates and fertility levels showed

Viva (White) with the highest harvest index and Aurora with the lowest

harvest index. P.I. 165426 (Black) showed significantly higher harvest

index than its white seeded counterpart.

Neither planting dates x fertility levels nor genotypes x fertility

levels interaction were significant. Also, the second order interaction

of planting dates x genotypes x fertility levels was nonsignificant for

all these characters.



SECTION IV

YIELD COMPONENTS

Planting dates had significant effects on the yield components

of the twelve dry bean genotypes tested. There was a pronounced trend

toward a decline in number of pods per plant with successive dates of

planting. The two earlier plantings had significantly higher number of

seeds per pod than the two last planting dates. The May 27th planting

resulted in the heaviest seeds while the June 7th planting produced the

lightest seeds.

No significant effect of additional fertilizer application could be

detected for any of the yield components. Significant genotypic differ-

ences were apparent for each yield contributing parameters.

Comparison of genotypes across all planting dates showed that almost

all genotypes produced the greatest number of pods per plants at the

earliest sowing date and the least number of pods at the last date

(Table 15). For each entry, the number of seeds per pod were greatest

at either of the two May plantings and the least per either of the two

June sowing dates. (Table 17).

Almost all genotypes produced the heaviest seeds at the second

sowing date and the lightest seeds at either of the two June sowings.

(Table 19). Rico-23, Viva (White), Sanilac, P.I. 165426 (White) and

P.I. 165426 (Black) did not exhibit significant change in weight per

100 seeds due to variation in sowing dates. When considered as a group

the colored seeded lines tended to produce heavier seeds than the white

seeded lines. Regarding the two pairs of isolines included in this

study, P.I. 165426 (Black) had significantly heavier seeds than its

white seeded counterpart at each date while Viva (Pink) produced
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Table 15. EFFECTS OF PLANTING DATES ON NUMBER OF PODS PER PLANT OF

DRY BEAN GENOTYPES.

 

PLANTING DATES
 

 

 

GENOTYPES MAY 19 MAY 27 JUNE 7 JUNE 15 MEAN

Black Turtle Soup 14.1 13.7 12.3 11.4 12.98

Rico-23 14.8 13.9 13.6 12.2 13.68

Ex-Rico-23 20.3 20.5 13.2 14.6 17.1c

Aurora 16.4 16.4 12.9 11.7 14.48b

Viva (Pink) 16.8 16.1 14.3 13.8 15.36

Viva (White) 16.9 16.9 14.8 15.2 15.9bc

Sanilac 28.2 21.4 22.1 14.8 21.6e

Seafarer 23.4 20.3 17.2 14.8 18.98

Tuscola 29.9 24.7 18.8 15.3 22.2e

Strain No 20489 22.7 22.6 19.7 11.2 19.08

P.I. 165426 (White) 29.1 29.1 29.4 25.5 28.3g

P.I. 165426 (Black) 28.1 25.2 25.1 22.7 25.3f

MEAN 21.7s 20.1r 17.8q 15.36 18.7

Means followed by the same letter (a to g) in columns and (p to s) in

rows are not significantly different from each other by Duncan's

Multiple Range Test at 5% probability level.
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Table 16. EFFECTS OF FERTILITY LEVELS ON NUMBER OF PODS/PLANTS OF

DRY BEAN GENOTYPES

 

FERTILITY LEVELS

 

GENOTYPES LOW HIGH L.S.D.(.05)

Black Turtle Soup 12.0 13.8 n.s.

Rico-23 11.4 15.8 3.4

Ex-Rico-23 15.0 19.2 3.3

Aurora 14.9 13.9 n.s.

Viva (Pink) 15.5 15.1 n.s.

Viva (White) 15.2 16.6 n.s

Sanilac 20.6 21.6 n s

Seafarer 18.4 19.4 n.s

Tuscola 22.3 22.1 n.s.

Strain No. 20489 18.2 19.8 n.s

P.I. 165426 (White) 27.6 29.0 n s

P.I. 165426 (Black) 25.1 25.5 n.s

 

MEAN 18.0 19.4
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significantly heavier seeds than its white seeded counterpart only at

the May 27 and June 15 plantings.

Data averaged over all planting dates and fertility levels showed

that the white seeded genotypes had the greatest number of pods per plant

than the black seeded genotypes. Although Viva (Pink) did not signifi-

cantly differ from its white seeded counterpart, P.I. l65426 (Black)

showed significantly less pods per plants than its white seeded counter-

part. Regarding seeds per pod, when considered as a group, black seeded

genotypes had significantly greater number of seeds per pod than the

white seeded genotypes, with the exception of Ex-Rico-23. Though, Viva

(Pink) did not differ significantly from its white seeded counterpart,

P.I. l65426 (Black) had significantly greater number of seeds per pod

than its white seeded counterpart. Also, black seeded genotypes tended

to produce heavier seeds than the white seeded genotypes with the

exception of Ex-Rico-23. The colored seeded lines produced signficantly

heavier seeds than their white seeded counterparts.

Significant planting date x genotypes interaction was detected only

for weight per 100 seeds. Though Viva produced the heaviest seeds at

each date, P.I. 165426 (White) produced the lightest seeds at the two

early planting while Aurora produced the lightest seeds at the two later

planting dates.

A significant genotypes x fertility levels interaction was observed

for pods per plant and seeds per pod. Rico-23 and Ex-Rico-23 had a

significantly greater number of pods per plant when grown under the

high fertility level than when grown under the low fertility level

(Table 16). Except for Sanilac, Seafarer and Tuscola, all other

genotypes showed significantly greater number of seeds per pod with

additional fertilizer application. (Table 18).
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Table 17. EFFECTS OF PLANTING DATES ON NUMBER OF SEEDS PER POD OF DRY

BEAN GENOTYPES.

 

PLANTING DATES
 

 

 
 

GENOTYPES MAYTl9 *MAY 27 JUNE 7 JUNE 15 MEAN

Black Turtle Soup 5.0 4.6 3.7 4.3 4.4f

Rico-23 5.1 4.8 4.1 3.6 4.4f

Ex-Rico-23 .2 5.1 3.8 3.9 4.5f

Aurora 4.6 4.4 2.9 3.1 3.7c

Viva (Pink) 4.4 4.2 3.9 3.7 4.0d

Viva (White) 4.1 4.7 3.7 3.7 4.0d

Sanilac 4.1 3.8 2.9 2.9 3.4b

Seafarer 3.6 3.9 3.7 2.6 3.5b

Tuscola 3.8 3.9 2.7 2.6 3.28

Strain No. 20489 3.6 3.4 3.4 3.4 3.46

P.I. l65426 (White) 3.8 4.4 3.5 3.4 3.8c

P.I. l65426 (Black) 4.6 4.4 3.8 4.0 4.2e

MEAN 4.39 4.3q 3.5p 3.4p 3.9

Means followed by the same letter (a to f) in columns and (p to q) in

rows are not significantly different from each other by Duncan's

Multiple Range Test at 5% probability level.
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Table 18. EFFECTS OF FERTILITY LEVELS 0N NUMBER OF SEEDS/POD 0F

DRY BEAN GENOTYPES.

FERTILITY LEVELS

GENOTYPES LOW HIGH L.S.D.(.05)

Black Turtle Soup 4.1 4.7 0.29

Rico-23 4.2 4.5 0.29

Ex-Rico-23 4.1 4.4 0.29

Aurora 3.5 3.9 0.30

Viva (Pink) 3.9 4.2 0.29

Viva (White) 3.7 4.3 0.27

Sanilac 3.4 3.5 n.s.

Seafarer 3.4 3.5 n.s.

Tuscola 3.2 3.3 n.s.

Strain No. 20489 3.3 3.6 0.29

P.I. l65426 (White) 3.5 3.9 0.29

P.I. 165426 (Black) 4.0 4.4 0.28

MEANS 3.7 4.0
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Table 19. EFFECTS OF PLANTING DATES 0N WEIGHT PER 100 SEEDS OF DRY

BEAN GENOTYPES (WEIGHT PER 100 SEEDS IN GRAMS).

PLANTING DATES

GENOTYPES MAY 19 MAY 27 JUNE 7 JUNE 15 MEAN

Black Turtle Soup 18.9ef 20.08 18.3de 19.39 19.lef

(P) (9) (P) (9)

Rico-23 18.9ef 18.7d 18.8e 18.79 18.8de

(P) (P) (P) (P)

Ex-Rico-23 19.8f 21.2f 17.7d 18.6fg 19.3f

(q) (r) (P) (P)

Aurora 14.5b 14.6b 12.28 11.88 13.38

(9) (9) (P) (P)

Viva (Pink) 24.59 26.9h 24.1f 25.91 25.4h

(P) (r) (P) (9)

Viva (White) 24.49 24.6g 25.1f 24.7h 24.79

(P) (P) (P) (P)

Sanilac 16.8c 17.7c 17.7d 17.6ef 17.5c

(P) (P) (P) (P)

Seafarer 18.2de 20.4ef 18.3de 16.8de 18.5d

(q) (r) (9) (P)

Tuscola 18.4de 18.8d 16.3c 15.9cd 17.4c

(q) (9) (P) (P)

Strain No. 20489 17.6cd 18.4cd 17.2cd 18.4fg 17.9c

(P9) (9) (P) (9)

P.I. l65426 (White) 12.28 13.28 13.18 13.2b 12.98

(P) (P) (P) (P)

P.I. 165426 (Black) 14.1b 14.7b 14.1b 14.9c 14.4b

(P) (P) (P) (P)

MEAN 18.2g 19.1r l7.7p 18.0q 18.3

Means followed by the same letter (a to i) in columns and (p to r) in

rows are not significantly different from each other by Duncan's

Multiple Range Test at 5% probability level.
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No significant planting date x fertility levels interaction was

noted, nor was the second order interaction involving planting dates x

genotypes x fertility levels significant for any of the yield contributing

parameters.



DISCUSSION

The results show that planting date had significant effect on

seedling emergence and plant stand of dry bean genotypes included in

this study. This may be explained by the soil temperature and moisture

conditions that prevailed at the various planting dates. In addition

to the soil compaction probably resulting from hand planting this date

under wet soil condition, the June 7th planting experienced the lowest

soil temperatures (19°C at 10 cms. depth) at the time of planting. The

cool soil temperature was reflecting in the comparatively slower emer-

gence of seedlings of all genotypes during the first week after planting.

The finding that final plant establishment did not significantly differ

from that of the earlier planting dates was probably due to the increase

in emergence after the second week from planting due to a substantial

increase in soil temperatures and more favorable conditions of soil

tilth.

Soil conditions prevailing at the first two planting dates appeared

to have had a significant effect in reducing seedling emergence of the

cultivars. The May 19 planting (which has 21°C soil temperature at

10 cms. depth at the time of planting and which was followed by a con-

sistently lower temperatures after planting than other planting dates)

favored the emergence of colored lines over the white seeded lines

after the first week from planting. The consistently higher rate of seed-

ling emergence and plant establishment associated with the June 15th planting

84
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(which had 23°C at 10 cms. depth at planting followed by similar tempera-

ture after planting) suggest that a more favorable soil environment for

seedling emergence and plant establishment might prevail in Michigan

when planting is delayed after June 10. This is further corroborated

by the May 27 planting which had the highest soil temperature at the

time of planting (26°C at 10 cms. depth) but which dropped significantly

after planting. Hence;while the initial soil temperature was high,

this temperature must be maintained to have a positive influence on

seedling emergence and plant establishment.

Works by Harrington (1963), Stakonov (1976) Scarisbrick & Wilkes

(1973, 1976) reveal the deleterious effects of low soil temperature

conditions on the seedling emergence and final plant stand of dry bean

genotypes.

Significant genetic variability were noted for seedling emergence and

plant stand. Seed coat color, seed size and initial seed moisture con-

tent are known to have profound influence on seedling emergence of dry

bean genotypes. In the earliest planting date black seeded genotypes,

in general, had higher seedling emergence than the white seeded genotypes

first week after planting. Also, the colored seeded genotypes had signi-

ficantly higher seedling than their white seeded counterparts. Though

no consistent pattern of difference in seedling emergence rate arising

from seed coat color was detected at the June 15 planting, color

seeded lines tended to show greater seedling emergence than white seeded

lines. Sanilac, Seafarer, Tuscola and Strain No. 20489 were inferior to

the other genotypes in terms of final plant stand,and colored seeded lines

showed significantly greater plant stand than their white seeded counter-

parts.
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The relatively higher seedling emergence of small seeded genotypes

as compared to large or medium seeded genotypes at the June 7th planting

may have been due to soil compaction thatoccurred during planting on

this date; a recent rainfall necessitated hand instead of machine

planting. Mechanical impedance of bean seedlings to emergence under wet

soil conditions has been reported by Orphanas (1977). Furthermore, the

relatively lower number of additional seedlings of smaller seeded geno-

types than the larger seeded genotypes to emerge during the second week

period from this planting is in general agreement with the findings of

Hardwick (1972) and Villieris, Nel & Hammes (1974). They have reported

that better emergence is obtained by smaller seeded dry bean genotypes

under adverse soil conditions most likely because of a lower mechanical

resistence encountered during emergence.

Deakin (1974), Dickson (1971) and Wyatt (1977) have reported better

emergence of colored seeded lines than white seeded lines of Phaseolus

vulgaris. Black seeded genotypes are known to adapt much better to

adverse environmental conditions than white seeded cultivars and consis-

tently possess an advantage over white when planted in cold, wet or

warm soil. Black seeds have greater seed coat dry weight and thickness

than white seeds, and these traits are negatively correlated with

permeability and rate of osmosis. Osmosis through black seed coats may

be slowed by a physical barrier of greater cell numbers, by differences

in cell density or by some chemical reaction (i.e. phenolic oxidation)

unique to colored seeds. Slower water absorption by colored seeds may

permit more uniform swelling of the cotyledons, thereby reducing seed

coat and/or cotyledon cracking which are important to germination and

early seedling growth. Differences in field emergence of two isogenic
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lines differing only in seed coat color support the importance of seed

coat color.

Significant planting date x genotype intereactions obtained for

seedling emergence at 7th day from planting could have resulted from the

way genotypes with varying seed coat color‘ and seed size responded to

planting date treatments at the initial stage of seedling emergence.

Low initial seed moisture content is known to increase chilling stress

during imbibition period (Pollock, Roos & Manalo, 1969; R005 & Manalo,

1976) thus leading to increased number of decaying seedlings. However,

this variability was controlled by adjusting seed moisture content to

12% prior to planting.

The decline in all growth and yield determining parameters of the

genotypes sown in June as compared to those sown in May could be asso-

ciated with weather conditions prevailing during the vegetative and

reproductive stage of genotypes sown from each date. An examination

of the soil and air temperatures (Figure l and 2) shows lower atmos-

pheric and soil temperatures for the two early planting dates that

appeared to favor vegetative growth. The relatively warm day/night

temperatures and higher soil temperatures prevailing during the growth

cycle of plants sown on the two June plantings appeared to have suppressed

vegetative growth. Moreover, since no significant amount of rainfall

(Figure 1) occurred from mid-July to the end of August and no irrigation

was applied, soil moisture could have been limiting. Though no signifi—

cant amount of rainfall was received during the vegetative growth of the

two earlier plantings, the residual soil moisture was adequate to support

optimum vegetative growth of the plants started from the two earlier

plantings. Also, since the plants tended to form a closed canOpy by the
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time most of the genotypes entered the reproductive stage of development

the loss of soil moisture through evapotranspiration could have been

minimized to 8 considerable extent, which could have contributed to

further vegetative growth and node differentiation. Conversely, the

crop from the two later plantings could have suffered from inadquate

soil moisture from the early development stages because of continued

exposure of the bare soil for a longer period when atmospheric tempera-

tures were rising. Also, since the plants could not make adequate

vegetative growth to cover the interrow spacing, which was especially

true with the plants started from the June 15th planting, evaporative

losses of soil moisture could have been responsible for stunted vege-

tative growth of the plants. Higher soil temperature and moisture

stress conditions could have led to earlier nodule senescence, poorly

developed root system and the plants would have failed to utilize applied

nitrogen because of dry soil conditions.

Also since the plants started from the two early plantings tended

to have better root systems than those from the June plantings, the

entries started from May planting would have been better able to exploit

available soil moisture and nutrients which would have conferred further

advantage to the May planted crop.

In addition to exerting inhibitory effect on vegetative growth of

plants in the June seedlings the weather pattern appears to have had a

marked effect on reproductive development of the late planted crop. Plants

sown at the two early plantings experienced relatively lower day/night tem-

peratures at the time of flowering and immediately after flowering while

those planted on the two later dates experienced the highest day/night tem-

peratures of the season during flowering followed by fluctuating but high
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temperatures during their reproductive development. These conditions were

of course shared by plants sown at the earlier dates. Nevertheless, soil

temperatures were continually rising when the plants from the two later

plantings entered reproductive stage of their life cycle. These high

temperature conditions coupled with negligible amount of rainfall at

the critical period of flowering and podsetting of the plants started

from the two later plantings could have led to considerable moisture

stress in the plants which would have been accentuated with the progress

of season. All these conditions could have led to considerable abortion

of the reproductive organs of the plants started from the two later

plantings while the relatively lower soil and atmospheric temperatures

experienced by plants started from the two earlier plantings during the

initial stages of their reproductive development coupled with their

ability to make adequate vegetative growth to form closed canopy to

cover interrow spacing because of the more favorable environmental condi-

tions during earlier stages of their development could have protected

them from extreme moisture stress during the critical stage of pod setting.

Also, since the plants from the two later plantings entered repro-

ductive stage of their life cycle, before they had sufficient vegetative

growth limited capacity of photosynthetic system and competition for

assimilates between vegetative and reproductive organs could have hampered

the influx of photosynthetic products inside the pods resulting in abor-

tion of some ovules in each pod of the plants started from the June plan-

tings. The high temperature conditions coupled with soil moisture deficit

Could have influenced the individual seed weight through their adverse

effect on photosynthate production and assimilate supply to the developing

seeds of the late planted crop.



90

While the relatively smaller differences in biological and seed

yield displayed by entries planted on the two early dates could have

resulted from a higher plant stand obtained by most genotypes it is

difficult to associate population density with the declining biological

and seed yield for those genotypes planted on June 7 and 15.

Observations on the data show that although genotypes sown on

June 7th had a higher plant population than those sown on May 19th

and the highest plant population per unit area was associated with

genotypes sown on June 15, most of the June 15th sown entries had the

smallest biological yield and seed yield. Data on plant height and

canopy width measured at physiological maturity of each genotype show

increased vegetative growth of each genotype at the two earlier plantings

over the two later plantings.

The decline in seed yield with the two later plantings is accom-

panied by parallel drop in yield components of each genotype with

successive delay in planting. Increasing intensity of environmental

stresses experienced by the plants in the two later plantings appears

to have greatly influenced pods/plant, seeds/pod and individual seed

weight. Increasing trend of atmospheric temperatures and soil tempera-

tures continued depletion of soil moisture resulting from higher evapo-

transpiratory losses and negligible amount of rainfall leading to moisture

stress during critical stages of reproductive development appear to have

resulted in considerable yield reduction through their adverse effects

on yield components. Increased number of aborted flower, increased rate

of ovule abortion because of competition for assimilates among seeds in

a pod arising from lowered photosynthetic rate could have exerted a

negative influence on each of the yield components in the last two plan-

tings. 'Also, some genotypes showed ozone injury with delayed planting
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which could have hampered the photosynthetic activity in leaves.

Physical environments prevailing during the growing season and‘

their subsequent effects on vegetative and reproductive development of

dry bean genotypes started from each date showed significant effect on

harvest index. The higher harvest indices of many genotypes at the

May 27 planting as compared to the earliest planting could have resulted

from heavier seeds many genotypes tended to produce at the May 27 plant-

ing than at the earlier planting. Moreover, plants from the earlier

planting probably had higher moisture content at harvest than those from

the later plantings. The lowered harvest indices of many genotypes at

the June 7 planting could have resulted from sudden change in environ-

mental conditions by the time they entered reproductive stage of their

life cycle. Since they experienced more favorable physical environments

during their vegetative development than during their reproductive

development, there was considerable decline in seed yields without pro-

portionate decline in biological yields which was ultimately reflected

in lowest harvest indices of many genotypes, that succumbed to environ-

mental stresses prevalent during their reproductive development. The

relatively higher harvest indices of most of the genotypes at June 15

planting than at May 19 or June 7 planting appears to have resulted

from poor vegetative growth of the genotypes sown on June 15 since they

encountered increasing intensity of environmental stresses from the very

beginning of their life cycle.

The adverse effects of physical environments similar to those asso-

ciated with the life cycle of the entries sown in June have been widely

investigated on several grain legumes. Investigations by Miranda and

Belmer (1977), Magalhaes, De'Millar and Choudhary (1978), Dreibrodt (1952).

Maurer, Ormord and Scott (1969), Kattan and Fleming (1956), Robins and
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Domingo (1956) and Stoker (1974) reveal the deleterious effects of

moisture stress during vegetative and reproductive developmental stages

of dry bean genotypes. In addition to the retarded growth attributed to

moisture stress during vegetative growth, reduced seed yields have been

reported because of moisture stress conditions occuring at different

stages of crop growth - particularly during flowering stage. Davis (1945)

concluded that 57% of blossom set seeds if the maximum temperature did

not exceed 24°C. For each degree above 24°C he reported a reduction of

approximately 2% in the set of pods. The adverse effects of high air

temperatures on seed yields of dry bean has been investigated by Villiers

(1975), Villiers, Nel and Hammes (1974), Mack and Singh (1969) and Smith

and Prayor (1962) who have found increased number of flower abortion when

plants were subjected to high temperature conditions during the blooming

period.

Work on soybeans by Jones and Laing (1978), Shaw and Laing (1966),

Mann and Jaworski (1970), Saito et al. (1970) Van Schaik and Probst

(1958), Summerfield, Bunting and Roberts (1975) have revealed that higher

temperatures (30°C) during flowering resulted in increased rate of flower

and pod shedding of soybean cultivars. Natochieva (1979), Doss,

Pearsen and Roger (1974), Thompson (1978), Buntley, McCutchen and Morgan

(1973), Sionit and Kramer (1978), Constable and Heron (1978) have reported

decreased soybean yields resulting from moisture stress during flowering

and pod filling stage as a result of increased number of aborted flowers,

reduced number of seeds per pod and reduced seed weight. Moisture stress

in soybean has been reported to lower photosynthetic rate and leaf

expansion, to reduce shoot growth to cause early leaf death and hasten

maturity (Naylor, Teare and Nickell, 1975; Constable and Heron, 1978;

Burch, Smith and Mason, 1978; Sivkumar and Shaw, 1978; and Bunch, 1978).
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In cowpeas Summerfield, Wien & Minchin (1976) have reported in-

creased abortion of peduncles, flower and young pods together with

accelerated leaf senescence because of high atmospheric temperatures.

Roberts et al. (1978) have found that warmer day temperatures not only

decrease seeds per pod but also decrease seed weight as a result of

decrease in seed growth rate without an increase in seed growth dura-

tion.

Works on fababeanstn/Karamanos (1978) and Elston et al. (1976)

reveal inhibitory effect of moisture stress on leaf growth. Ishag

(1973), Sprent, Bradford & Norton (1977), El-Nadi (1969, 1970), Keatinge

& Shykewich (1977) have reported increased flower-shedding in fababeans

resulting from moisture stress during flowering. Jones (1963), Paulsen

(1977) and Ishag (1973) have suggested the need for rapid early growth,

greater number of nodes produced before flowering, large leaf area dura-

tion before flowering and large leaf area at podding nodes for higher

yields in fababeans.

Several workers have reported the adverse effects of high air

temperatures and moisture stress on pea growth and yields. Bosewell

(1926, 1929), Karr, Linck and Swanson (1959), Lamber &Lian (1958),

Fletcher et al. (1966), Adedipe and Ormord (1970), Stanfield, Ormord

and Fletcher (1966) have investigated the adverse effects of high

temperatures and moisture stress on vegetative growth and seed yields.

There is a general consensus about the susceptibility of peas to ad-

verse environmental conditions during early reproductive development.

Moisture stress is known to reduce nodule activity in fababeans

(Sprent, 1972; Pankhrust & Sprent, 1975). Also, higher soil temperatures



are reported to inhibit nodulation in cowpeas. (Philpotts, 1967;

Minchin, Huxley & Summerfield, 1976).

The physical environment associated with each planting date showed

a significant effect on development of dry bean genotypes. The longest

preflowering phase of each genotype associated with the earliest plan-

ting could be explained by relatively lower day/night temperatures

prevailing during earlier stages of crop development. In response to

the shortening day length and increasing trend of air temperatures,

genotypes planted on June 15 showed the shortest preflowering phase of

each genotype. The June 7 planting showed some interesting results in

that despite the shorter day length and higher temperature conditions

experienced by the crop started from this date, some genotypes dis-

played significantly longer preflowering phase than when planted on

May 27. This apparent deviation from the trend observed might be ex-

plained by the sudden drOp in air temperatures prevailing immediately

prior to plants sown on June 7 going into the reproductive phase of

their life cycle. The sudden drop in air temperature appeared to have

significantly delayed the date of first flower of Rico-23, Ex-Rico-23,

Viva (Pink), Viva (White), Seafarer, P.I. l65426 (Black) and P.I. l65426

(White). Similar observations have been reported in dry beans by

Kemp (1973) who suggested that variability exists for tolerance to low

temperatures during initiation and developMent of flowers. Padda &

Munger (1969) suggested that under suboptimal conditions even though

flower initiation occurs further development of floral primardia is

delayed or completely inhibited.

Works by Enriquez (1975) and Enriquez and Wallace (1974) reveal

high correlation between night temperature and days to first flower of

dry bean genotypes. Researchers have reported advanced flowering of
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soybean cultivars when grown under high temperature and shorter day

length conditions. (Criswell & Hume, 1972; Lawn & Byth, 1973, 1974;

Abel, 1961, Hartwig, 1954; Major et al., 1975; Brown, 1960; Hartwig,

1970; Parker & Borthwick, 1973). Works on cowpeas by Huxley & Summer-

field (l974), Summerfield, Wien & Minchin (1976) and on peas by Bosewell

(l926)also reveal decreased preflowering phase associated with warmer

temperature and shorter day lengths.

Since the coefficient of variability of the data on flower initia-

tion was very low (1.83%) even a single day difference among genotypes

in days to first flower was declared significant.

Results showed largest postflowering period of many genotypes sown

on May 27 and the shortest when sown on May 19. Figure 1 shows that a

negligible amount of rainfall was received during the vegetative and

reproductive stage of the genotypes planted on May 19. Higher soil

temperatures and air temperatures could have resulted in a higher rate

of evapotranspiration which could have, in turn hastened maturity. The

phenomena might have curtailed the postflowering period. Despite the

fact that the entries planted on May 27 grew under the same environment

as the genotypes planted earlier, most genotypes showed the longest

postflowering period at this date. Notwithstanding, a more favorable

soil environment prevailing during the stage of early plant development

associated with May 27 planting could have resulted in the development

of better root system. Strong root systems enable the plant to maximize

its genetic potential in regards to providing water and nutrients for

metabolic events associated with changing patterns of growth and develop-

ment. Also some rainfall received during the later part of reproductive

stage of the crop sown on May 27 could have delayed leaf and pod senes-

cence by enhancing the uptake of water and nutrients.
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Correlation studies revealed negative correlations between pre-

flowering and postflowering phase at the two May plantings while they

were positively correlated with each other at the two June plantings.

The shorter postflowering period of many genotypes associated with

the June plantings than May 27 could have resulted from hastened matu-

rity under delayed sowing conditions. Researchers have reported advan-

ced maturity of soybean cultivars under decreased day length conditions

(Hartwig, 1970; Lawn & Byth, 1973; Whigham, 1975, 1976; Leffel, 1951;

Abel, 1961). Also water stress is found to hasten maturity by causing

early leaf death and cessation of pod filling. (Naylor, Teare & Nickel,

1975; Constable & Heron, 1978; Burch, Smith & Mason, 1978; Karomanos,

1978). These effects would have been further compounded by higher soil

and air temperatures experienced by the crop during the course of their

development.

The trend towards signficantly taller plants in the two black seeded

genotypes - Black Turtle Soup and Rico-23, then the white seeded geno-

types at physiological maturity suggests that these black seeded genotypes

continued significant vegetative growth during the postflowering period.

However, lack of significant plant height differences between the black

and white seeded genotypes at physiological maturity when planted on

June 15 suggests that environmental stresses were such that the increase

of vegetative growth after flowering associated with those two black

seeded genotypes was inhibited. Though, these black seeded genotypes had

significantly longer preflowering phase than rest of the genotypes.at

each planting date they tended to be shorter than the white seeded geno-

types at flowering indicating slower rate of growth associated with

these genotypes as compared to the white seeded gentoypes prior to

flowering.
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The longest postflowering period exhibited by Sanilac and Strain

No. 20489 at June 15 planting suggest that one or more component of the

physical environment would have been limiting for ripening of the crop.

The increasing trend of postflowering period shown by Black Turtle Soup

and Rico-23 could be associated with their capability to continue vege-

tative growth during the postflowering period. Also, they probably

carried pods in different stage of maturity, more likely because of

longer flowering period of these genotypes when planted late in the

season.

Additional fertilizer application showed significant effect only

on certain traits of certain genotypes. It could have resulted from

earlier decline in nodule activity of the genotypes that showed positive

effects to additional fertilizer application. Earlier senescence of

nodules of these genotypes probably activated their roots for greater

uptake of soil nitrogen applied at blooming. Moreover, genetic varia-

bility for nitrogen uptake and utilization could be another probable

reason for this result.

The significant positive effect of additional nitrogen (provi-

ded by Urea) at blooming was exhibited by Rico-23, Ex-Rico-23, Viva (Pink)

and Viva (White) which showed significantly taller plants at physiological

maturity when grown under high fertility levels than at low fertility

levels. Only Rico-23 and Ex-Rico-23 showed significantly increased

pods per plant with additional fertilizer application. However, signi-

ficantly increased seeds per pod due to additional fertilizer application

were observed in all the genotypes except for Sanilac, Seafarer and

Tuscola.

In soybeans, many investigators (Fuehring and Finkner, 1974;
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Groneman, 1974; Hera, 1974; Hulpai, 1973; Rios & DosSantos, 1973) have

emphasized the importance of combined nitrogen in obtaining maximum

yield. They have reported that grain yields are determined by the

number of pods and subsequently by the number of seeds retained by the

plant which in turn was determined by the levels of nitrogen during the

bloom and seed falling period. Favorable effects of nitrogen applied

at blooming stage of soybean on pods per plant and seeds per pod have

been reported by Mederski et al. (1958), Enken (1959), Shibles & Weber

(1966) and Brevedan, Egli & Legget (1978).

Regardless of the possible reason for positive effects of additional

fertilization, dry bean genotypes displayed different patterns of response.

Since the formation of yield components is considered a sequential

event, increased pods per plant of Rico-23 and Ex-Rico-23 at high fer-

tility level suggest the peak demand for nitrogen by these genotypes at

a time when the number of pods were being determined. Also, this demand

would have continued as long as number of seeds per pod were being deter-

mined. The significantly increased plant height shown by these genotypes

at the high fertility level indicates the possibility of continued uptake

of applied nitrogen by the beginning of pod-setting to near physiological

maturity. Since Viva (Pink) and Viva (White) displayed increased seeds

per pod and plant height at physiological maturity at high fertility

level, their peak demand for Nitrogen could have commenced during seed

setting and might have continued through physiological maturity. The

other five genotypes that showed only increased seeds per pod due to

additional fertilization could be characterized as having lower efficiency

of nitrogen utilization since they failed to show increased plant height

despite the fact that they appeared to utilize applied nitrogen during

seed setting.
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However, these assumptions on nitrogen uptake need to be interpreted

with great caution in order to arrive at some definite conclusion as to

the practical implication of nitrogen fertilizer application during the

flowering stage of dry bean genotypes. The L.S.D. (.05) values for pods

per plant for Rico-23 and Ex-Rico-23 were 3.4 and 3.3 respectively while

those for seeds per pod ranged from 0.27 to 0.30 for different genotypes.

The differences between the two fertility levels were just marginal to be

declared significant in almost all cases.

Correlation studies (Table 21) showed that plant stand was moderately

and positively correlated with seed yields at the May 19th planting while

it was negatively correlated with pods per plant suggesting that geno-

types with capability to achieve higher stand establishment tended to

have less pods per plants. Higher plant density and rapid early growth

probably resulted in mutual shading of the leaves with loss of leaf area

during pod setting which could have led to considerable flower and pod

Shedding. However, loss of pods at this planting appears to have been

compensated by plant density indicating the desirability of thicker

planting under early sowing conditions in order to obtain reasonably high

seed yields. Moderate positive correlations of days to physiological

maturity and plant height at physiological maturity with seeds per pods

and seed weight suggests the desirability of genotypes with long growing

period and tall growth habit for early planting conditions. Since seed

yield showed moderate positive correlation with seeds/pod and seed

weight, breeding genotypes which improve these yield components should be

expected to result in high yielding cultivars for early planting condi-

tions.



SUMMARY AND CONCLUSIONS

An experiment was conducted during the summer 1978 at the Crops and

Soil Science Farm, MSU, with the objective of investigating the effects

of planting dates and Potassium and Nitrogen amendments on the growth,

develOpment and yield of dry bean genotypes. The experiment was in a

Split—Split plot design with four replications; four planting dates

(May 19, May 27, June 7 and June 15) were the whole plot treatments,

two fertility levels (recommended rate of fertilizer applied at plantings

vs. recommended rate applied at planting plus additional potassium at

planting and nitrogen at flowering) were subplot treatments and twelve

dry bean genotypes were sub-subplot treatments. Data were collected on

several pertaining to the growth, development and seed yields of each

genotype planted at different dates. The following conclusions emerge

from this study:

1. Colored seeded genotypes such as Black Turtle Soup, Rico-23, Viva

(Pink) and P.I. 165426 (Black) showed higher ratesof emergence during the

first week from the May 19th planting than the white seeded genotypes

except for Viva (White) and P.I. l65426 (White). Since the plants started

from this date experienced the lowest soil temperature regime for couple

of days after planting, these genotypes exhibit varying degrees of toler-

ance to cold, wet soil conditions.

2. Viva (Pink) and P.I. 165426 (Black) had significantly higher seed-

ling emergence than their white seeded counterparts during the first week

100
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period from May 19th planting. Similarly, those colored seeded genotypes

had greater percentage of seedling emerged at each planting date than

their white seeded counterparts.

3. With the exception of Aurora, Viva (White), Ex-Rico-23 and

P.I. l65426 (White) 811 other white seeded genotypes included in this

study showed significantly lower plant stand per unit area regardless

of planting dates. Viva (Pink) and P.I. l65426 (Black) were always

superior to their white seeded counterparts.

4. The crop started from the June planting probably experienced

the adverse environmental conditions for their vegetative growth and

reproductive development, which was more intensified with the progress

of growing season. This was reflected in terms of decreasing trend of

plant height, canopy spread, nodes per plant, biological yield, seed

yield and its components with successive delay in planting beyond May

27.

5. Ex-Rico-23 did not show significant change in plant height due

to variation in planting dates.

6. Ex-Rico-23, P.I. 165426 (White) and P.I. l65426 (Black) did not

Show significant change in canopy spread due to variation in planting

dates. It could have resulted since these genotypes when planted earlier

tended to lodge because of early rapid growth, thus forming more compact

canopy than their actual form.

7. The portion of total life cycle spent in vegetative stage tended

to decline with each successive delay in planting with concurrent in-

crease in postflowering period.

8. Viva (Pink) appears to be the most stable genotype over the

environmental conditions experienced Hithis study in terms of seed

yield while Aurora appears to be the most susceptible genotype. No
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significant pattern of differences in seed yield arising from seed coat

color could be observed.

9. The decline in seed yield with successive delay in planting

parallelled with decline in yield components of which pods per plant

was most affected.

10. The lowest seed yield obtained from most genotypes at the

June 15 planting despite their having highest plant density at this

date suggests that plant population cannot compensate for loss of yield

components.

11. Colored seeded lines tend to produce heavier seeds and more

seeds per pod but less pods per plant than white seeded lines.

12. The consistently higher seed yield of each genotype started from

the two earlier plantings than the two later plantings indicates that

advancing dry bean planting to the second half of May could result in

substantial gain in seed yields. However, further investigations ex-

tended over years at various locations are required to test the stability

of genotypes under a wider range of environmental conditions.

13. Though additional application of potassium and nitrogen showed

significant positive affect on certain traits of certain genotypes, the

affect was not great enough to be of any practical importance.

l4. Differential response of dry bean genotypes to additional

fertilizer application appears to have some implications for further

studies. Further investigations on the response of applied nitrogen by

dry beans should include monitoring the nodule and nitrate reductase

activity of each genotype grown under different environmental conditions.

Such studies would aid in identification of developmental stage with
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critical demand for supplemental nitrogen. Also, attempts should be

made to assess the relative effectiveness of different forms, sources

and methods of applied nitrogen.
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FIGURE 1. Daily air temperatures and rainfall during the growing

season 1978 at MSU Experimental Farm.

The line ending with an arrow represents maximum tempera-

ture (°C), that with a circle represents minimum tempera-

ture (°C). The dotted line represents rainfall.

The shaded area associated with each date represent the

initiation of flowering and physiological maturity of

dry bean genotypes.
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FIGURE 2.

139

Average soil temperatures for 5 consecutive days

at l0 cms. depth at the experimental site during

the growing season, l978.

The shaded area assoicated with each date represent

the initiation of flowering and physiological ma-

turity of dry bean genotypes.

 



FIGURE 2.

SOIL TEMPERATURES AT 10 CMS. DEPTH ( °C)
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FIGURE 3A. Seedling emergence (%) at 7th day from each

planting date of Rico-23 and Viva (Pink)

at the fertility levels.

The solid line represents seedling emergence

at normal fertility level while the dotted

line represents seedling emergence at plots

that received additional Potassium.
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FIGURE 38.

143

Seedling emergence (%) at 7th day from each

planting date of Tuscola and Strain No.

20489 at the two fertility levels.

The solid line represents seedling emergence

at normal fertility level while the dotted

line represents seedling emergence at plots

that received additional Potassium.
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FIGURE 3C.

l45

Seedling emergence (%) at 7th day from each

planting date of Sanilac and Seafarer at the

two fertility levels.

The solid line represents seedling emergence

at normal fertility level while the dotted

line represents seedling emergence at plots

that received additional Potassium.
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FIGURE 3D.

I47

Seedling emergence (%) at 7th day from each

planting date of Aurora and P.I. l65426 (White)

at the two fertility levels.

The solid line represents seedling emergence

at normal fertility level while the dotted

line represents seedling emergence at plots

that received additional Potassium.
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FIGURE 3E.

I49

Seedling emergence (%) at 7th day from each

planting date of Ex-Rico-23 and Viva (White)

at the two fertility levels.

The solid line represents seedling emergence

at normal fertility level while the dotted

line represents seedling emergence at plots

that received additional Potassium.
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FIGURE 3F.

ISI

Seedling emergence (%) at 7th day from each

plantind date of Black Turtle Soup and P.I.

l65426 (Black) at the two fertility levels.

The solid line represents seedling emergence

at normal fertility level while the dotted

line represents seedling emergence at plots

that received additional Potassium.
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FIGURE 4A. Plant stand (%) of Black Turtle Soup, Rico-23,

Ex—Rico-23, and Aurora at each planting date.
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FIGURE 48.

I55

Plant stand (2) of Viva (Pink), Viva (White),

P.I. l65426 (Black) and P.I. I65426 (White)

at each planting date.
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FIGURE 4C. Plant stand (%) of Sanilac, Seafarer,

Tuscola and Strain No. 20489 at each

planting date.
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FIGURE 5A. Seed yield (Qui/ha) of Rico-23, Aurora,

Viva (Pink) and Viva (White) at each

planting date.  
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FIGURE 58. Seed yield (Qui/ha) of Sanilac, Seafarer,

Tuscola and Strain No. 20489 at each

planting date.
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FIGURE 5C. Seed yield (Qui/ha) of Black Turtle Soup,

P.I. l65426 (White), P.I. l65426 (Black)

and Ex—Rico-23 at each planting date.
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FIGURE 6A. Harvest Index (%) of Black Turtle Soup,

Rico-23, and P.I. l65426 (Black) at each

planting date.
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FIGURES 68. Harvest Index (%) of Sanilac, Seafarer,

Tuscota and Strain No. 20489 at each

planting date.
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FIGURE 6C. Harvest Index (%) of Viva (Pink), Viva (White),

Ex-Rico-23, Aurora and P.I. 165426 at each

planting date.
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